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PREFACE 

This survey was Gondueted by the Space Sciences Division of the Jet 
Propulsion Laboratory for the Office of Applieatiohs of the National Aeronautics 
and Space Adtninistration. 
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ABSTRACT 


In January 1976, NASA requested the Jet Propulsion Laboratory (JPL) to 
eonduGt a study of the attempts at operational usage of the Landsat Imagery 
by non-NASA users. In this study, partlGular emphasis was to be placed on 
profitable use of the imagery, as Gontrasted to those investigations Goncerned 
with research and development of a technology. The outcome of the study was to 
be an evaluation of the proposed Landsat follow-on effort as seen from the point 

of view of users attempting profitable use. 

In support of this, four Applications Survey Groups (ASGs) were formed. 

These four groups so defined are: 

. Mineral and Petroleum Exploration 

. Inland Water Resources 
. Land Inventory 
. Agriculture 

other possible major interest areas sueh as Oceanography and Weather and 
eiimate already have operating user groups. It was therefore decided not to 
try to parallel or duplicate that effort. 

The task, for each of the four AGGs was defined as " will provide to 

JPL for 0 A/ NASA a formal evaluation of Landsat follow-on capabilities from the 
total community of users of NASA technology in its discipline area. The area of 
concern will be limited to Landsat follow-on activities." The specific end 
product was to be an evaluation of the functional capabilities of the Landsat 
follow-on and ground systems designs in terms of user requirements and desiderata 

for data measurements, products, and parameters. 

The members were drawn from all segments of the user corranunity. federal 
agencies, state and local governments or agencies (or from associations of such 
const itueneies), industry and universities. They ‘were selected so Chat in 
aggregate they would be able to adequately assess the state-of-the-art in their 
technical areas aiid represent this in the ASG deliberations. 


xii 



33-803, Vol. I 
CHAPTER I 


FORMATION OF THE APPLICATIONS SURVEY GROUPS 

In January, 1976 NASA requested the Jet Propulsion Laboratory (JPL)* 
to conduct a study of the attempts at operational usage of the Landsat^^ 
imagery by non -NASA users. In this study, particular emphasis was to 
be placed at profitable use of the imagery, as contrasted to those 
Investigations concerned with research and development of a technology. 

The outcome of the study was to be an evaluation of the proposed Landsat 
follow-on effort as seen from the point of view of users attempting 
profitable use. 

Note the term "profitable use" as contrasted with "quasi- operational 
use" or "operational use". This term is used to differentiate on one 
hand that group of people ior whom the development of technology is 
their raison dVetre . and from that group for whom technology is a tool 
in the aGtoraplishment of some other task. We have avoided the terms in- 
volving "operational" to avoid the question of "when does a quasi- operational 
system become operational?". The term "profitable" permits the possibility 
of getting real use from the data from even a quasi- operational spacecraft/ 
data examination system. We anticipate that those who have found the use 
of such data profitable will continue and expand its use, thus in a 
def aCto way becGming operational, whether or not the formal definition 
has been made. 

In support of this , four Applleatlons Survey Groups (ASGs) were 
formed. These have been defined to have iFiterest areas parallel to four 
of the NASA discipline teams, as these teams have proven to have an 
effective distribution of interest areas and could be used as technical 
resources. These four groups so defined are: 

• Mineral and Fetroleum Exploration 

• Inland Water Resources 

• Land Inventory 

• Agrieulture 

Other possible major interest areas such as Oceanography and Weather 
and Glimate already have operating user grouips. It was therefore decided 
not to try to parallel or duplicate that effort. 


* Pasadena, California. JPL is operated under contract to NASA by the 
California Institute of Technology. 

** Landsat 1, the first earth resources satellite, was launched July 23, 

1972 and is still operating. Landsat 2 was launched on January 22, 1975 
and is also operating. (These are discussed in more detjdl later.) 
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The task for each of the four ASGs was defined as ” , . . will 
provide to JPL for OA/NASA a formal evaluation of Landsat follow-on 
capabilities from the total community of users of NASA technology in 
its discipline area. The area of concern \i^ll be limited to Landsat 
follow-on activities." The specific end product was to be an evaluation 
of the functional capabilities of the Landsat follow-on and ground systems 
designs in terms of user requirements and desiderata for data meas’irements , 
products and parameters (see Appendices B and G). 

To keep the discussions within bounds the discipline areas of each 
group Were defined to have sub^applications a$ listed below. These were 
felt to include the major Interest areas of each group. However, it was 
left to each group to modify the list (keeping within the general frame- 
work) as it saw fit. 

Mineral and Petroleum Exploration 

• Mineral Resources Exploration 

• Energy Resource Exploration 

• Hazards /Engineering Geology; Detection, Assessment, 
and Monitoring 

• Mapping and Interpretation; Landform, Rock Type, 

Structural 

Inland Water Resources 

• Snow Mapping and Runoff Prediction 

• Lake ice Monitoring 

• Glacier Inventory 

• Estuary Dynamics and Water Quality 

• Subsurface Water Survey 

• Water Use Survey 

• Watershed Survey, Management and Modeling 

• Surface Water Mapping 


1^2 
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Land Inventory 

, Natural Resources Inventory 

• Goastal Zone and Shoreline Mapping and Inventory 

• Wetlands Mapping and Inventory 

• Surface Mining Extent and Reclamation Monitoring 
and Inventory 

• Wildlife Habitat Location and inventory 

• Urban and Special Environmental Area Land Cover 
Inventory 

• Mapping and Cartography 

• Information Management Systems 

• Forest and Range 

• Timber Inventory - Large Area 

• Range Readiness and Management 

• Forest and Range Renewable Resources Inventory 
, Wildland Protection and Damage Survey 

Agriculture 


• Crop Survey and Reporting (Identification, Mensuration, 
Location, Yield, Production, Signature Extension) 

• Crop Stress (insect Damage, Disease Damage, Crop Vigor, 

Soil Moisture) 

• Crop Management (Damaged Crop identification. Quantification, 

and Location: Field Operations information) 

The groups vary in size from 13 members (Agrieulture) to 46 
(Land Inventory), reflecting the variation in the number of sub- 
application areas covered. Membership was by invitation from JPL, 
drawn from tentative lists provided by the Federal Interagency Decision 
Team, review of various lists of Landsat experimenters, participants in 
such activities as the Earth Resources Survey Symposium and the National 
Research Council study on practical applications of space systems, 
personal knowledge of the organizers, and recommendations from other 
individuals. The membership was limited to recognized experts in one 
or more of the fields covered by the ASGs. The members included both 
those Who do and do not possess extensive hardware or space- related 
training and experience. They were drawn from all segments of the 
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user eommunity: federal agen'^ies, state and local governraenrs or agencies 

(or from associations of such constituencies) , industry and universities. 

They were selected so that in aggregate they would be able to adequately 
assess the state-of-the-art in their technical areas and could represent 
this in the ASG deliberations. 

Two figures are shown herewith: (1) a map showing the geographical lo- 

cation of the various members, and (2) a histogram representing the members' 
evaluation of themselves on a scale from scientist to manager and a member 
G las s i f ie ation dis tr ibut io n . 

The survey was Initiated at a combined meeting in early March 1976, at 
which briefings (primai.ily by NASA personnel) defined the spacecraft mission 
and some of the Goneepts of the data dissemination. As much back-up material 
as was available was distributed to the groups, both at the meeting and sub-^ 
sequent ly. Under the general direction of JPL, each group organized itself 
and assigned specific tasks for members to be accomplished prior to the second 
meeting. At the second meeting of each group the reports which had been gen- 
erated to date were reviewed and the combined report begun. The first drafts 
of these reports were received by JPL in mid- June, and after minor editing 
were submitted to NASA in preliminary form on July 1, and after further polish- 
ing, in final form on August 1. This edition is the material of the August 1 
report, re-edited to a more compact format. This is the second edition of the 
August 1 version of the reports which contains the same information but in a 
slightly different organization. 

This edition is published in the form of two volumes, a summary volume 
plus one covering discussions of the discipline areas. Each of the individual 
discipline parts begins with a summary of the state-of- the•^^art of the appli- 
cations, followed by detailed discussions of the area. The format of the dis- 
cussions follows general suggestions from JPL, Except for some chapter reor- 
ganizations for uniformity of all the discipline parts, these reports are 
presented in essentially unedited form. Thus the user thoughts and flavors 
are preserved as much as possible; the editors take any responsibil5-ty for 
damage done to them in the editiag process. 

It will be found that a number of the areas of discussion are multi-faceted 
and therefore parallel discussions occur, both within some parts and across 
parts, e.g,, snow and ice melt mapping is of interest to Land Inventory in their 
considerations of timber, range and wild land, to Inland Water in their eon- 
sideratlons of water supply, stream runoff, and the like, to Agriculture as 
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a possible water source for irrigation, and to Mineral and Petroleum as it 
affects shipping to the Polar regions and provides demarcation of geomorpihie 
land forms. Rather than attempt to edit out the overlap, we felt that a 
better picture of some of the parallel activities and overlapping consider- 
at ions would be preserved if the overlap remained. 

in Summary, the study was designed to provide an opportunity for know- 
ledgeable and experienced users to express their need for data which might 
be expected to be provided by space systems and to relate the proposed 
eapabilities of Landsat follbw-on system to these needs. Although an attempt 
has been made to provide a background diseussion for each of the evaluations, 
the study does not attempt to develop these in scientific detail, nor does it 
provide detailed economic analysis, nor justifications for the expressed use. 
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FIGURE I-l 
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EROS 


N'S'F 

GERC 

EPA EMSiL/'MOW 


NGAA/Ocean Survey , 
NESS, EDS, OCZM 


NPS/MSTL 


US AC of Eng . /Waiter 
Resources, NCD 


OGE 

ETL 

EMA Hydro, Ctr. 


Bureau/Mines , Gensu's , 
Land Mgmt,, Indian 
Af fairs , Ree lamati on 


ERL 


USD! /Fish end Wild-' 
life Service 


USDA/ ARS/Forest Serv , 
H'UD/FIA 

Dept, of Trans. 


TABLE I- 2 
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STATE/REGIONAL 
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( Sacramento , GA) 
(Denver, GO) 
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Nat. Weather Serv, 
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University of Delaware 
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Auburn University 
University of Georgia 
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University of Wyoming 
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St. Regis Paper Company 

Exxon 
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Chevron Oil Field 
Metrics, Inc. 
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Geo spectra Corporation 
Upland Industries 
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The next ehapter presents the results of the study in a condensed summary 
form with referenees to the individual ASG discipline discuss ions. Ghapters 
III, IV, V, and VI present the key point issues in each of the four diseiplines. 
The wording of these four chapters has been extracted from the four ASG disci- 
pline discussions so that the Executive Sumn'.ary could stand by itself, thus a 
certain amount of repeat wordage exists between the Executive Summary and the 
discipline discussions . 
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CHAPTER II 

SURVEY RESULTS SUMMARY 


The general eonsenstis of the users surveyed is that Landsat is an extremely 
desirable information gathering deviee which eould be of limitless value if 
a fully operational program would proceed, and that Landsat Follow-on is 
progress to that end, even thou^ it is only one of tiaany tools utilized in 
accomplishing their tasks. No attempt is made to outline all of the visible 
tasks which Landsat may serve. Indeed, some 520 applications have been 
suggested in the June 1974 Technology Applications Gen ter report from the 
University of New Mexico, The general user consensus is that once an opera- 
tional program is effective, the uses and applications will continue to 
expand. This survey's intent is to expose the advance in benefits of the 
Landsat Follow-on mission. This chapter summarizes the results. 


A. application and OPERATION INTERACTION 

No one particular application can guarantee to reimburse the cost of a 
satellite program (even thou^ several uses may eventually do so). However, 
in the aggregate, costs are more justified, especially if the commonality 
of applications is considered. This commonality is obvious from reviewing 
the needs of the major applications; 

• Environmental Managing (forecasts, studies, urban planning, mapping...) 

• Resource Managing (crops, water, energy, minerals, forests...) 

• Transient Assessing (floods, fire, earthquakes, crop disease,..) 

For example, some of the cross utilizations which Landsat Follow-on will 
affect are: 

- more accurate crop managing and production forecasting with 
better estimates of water use, needs, and availability, 

- ice flow patterns for offshore petroleum explGration as well 
as commercial navigation. 

- soil and rock type for crop studies and L.ineral exploratioh. 


The operational requirements which Landsat Follow-on will advance involve 
the following interac tion loop . 
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Even though some applications may be operationally opposed, their commonality 
dictates a Landsat follow-on type system in that research and archiving could 
both be supported by one satellite. 

B. BENEFIT ADVANGES FROM LANDSAT FOLLOW-ON 

The following items have been extracted from the four volumes of this sur- 
vey as benefits which would be realized from the Landsat follow-on over and 

above the cursemt Landsat and Landsat C missions. The reference in parenthesis 

is the discipline discussion. 

1. Shoreline changes can be detected with critically greater precision 
(IW; LI) 

2. Streets and rows of houses can be detected and can distinguish be- 
tween multi- family residential areas and single unit areas (IW) 

3. Addition of bands will help distinguish between snow/cloud and snow/ 
rock (IW) 

4. Band 6 will provide details of estuarine citcuiation and surface 
salinity char t ing ( IW ) . 

5. Detection of smaller lakes and ponds allowing more accurate surveys 
to be made (IW) 

6. High resolution thermal infrared band 6 should provide information 
on rock types and soil moisture patterns (IW) 

7. Band ,45 - .52 /um will provide better monitoring of lakes and reser- 
voirs (IW) 

8. Appreciable increase in number of alteration patterns from 30 m resol- 
ution, addition of 1.5 - 1,8 fim and ,5 - .52 ^m channels Will aid in 
discrimination of alteration patterns associated with hydrocarbon 
seepage (MP) 

9. Ratioing of the additional 1.55 - 1,75 band in the TM with exist- 
ing bands will allow the sensing of carbonaceous materials and other 
rocks (MP) 

10. Landsat 1 and 2 can find geographic faults, but Landsat follow-on will 
be able to better distinguish active faults from inactive faults due 
to the increased resolution (MP) 

11. Increased resolution will help define hazards such as faults, land- 
slides , subsidence and cave-ins (MP) 
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Xnereased resolution means that shorter llnears can be detected 
which will provide maps of joint systems, and fine structure of 
large lineaments may be made. (MF) 

13. The 256 quantification levels along with the increased resolution 
should broaden classification capability and advance pattern 
recognition techniques. (LX) 

14. The improvement of IFOV may enable the positioning of off-shore 
oil platforms. (LI) 

G. GOST BENEFITS WITH LAN0SAT FOLLOW-ON 

The general consensus among users is that it is very difficult, if not 
Impossible, to assign net dollar gains of a Landsat system. For example, 
new world -wide energy resources and food production forecasting may be 
invaluable. However, other more specific applications such as urban water 
planning may cost more man hours to interpret data if the data is not in a 
quick and simple form. Some of the cost savings which can be foreseen are 
as follows ; 

1. For inventory and management of underground aquifers, the net 
dollar savings from current Landsat is $.6 million and Landsat 
follow-on is $1.7 million/yr, (IW) 

2. $2 million/yr, could be saved in defining sediment sources and 
developing sites if satellite images are of sufficient quality. 

(XW) 

3. Estuary surveys could be done at a savings of $2-5 million and 
5 years time. (IW) 

4. Approximately $19 million/yr. could be saved in urban water 
resources development, (XW) 

5. Conservative $1 million/yr . /mining company could be saved in 
expenditures for exploratory mining, (MP) 

6. Tra ffi cab ility and access information from Landsat maips for 
energy resource exploration can save $1.8 million/yr. (HF) 

7. The air photo to Landsat costs are aipproximately $300 to $.50 per 
10,000 sq. miles for monitoring surface mining areas -- the 
increased resolution from 80 to 30tn will allow Landsat imagery to 
be used instead of air photos. (MP) 

8. Net savings in property damage from geologic hazards (earthquakes, 
landslides, etc.) with foreseeable advances in loss reduction 
measures could be $1 billion/yr. in Galifornia alone (30 yr. average). 
A Gonservative 17=, of this could be attributed to a Landsat system 

or $10 million/yr. in Galifornia. (MP) 
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9. Gost bem fit studies indicate that satellite spectral information 
may give an overall economic savings to saline soil management 
compared to aircraft or photo interpretive information. (A) 

10. the total cost of operation of two survey vessels for straits and 
passages, harbor approaches, harbors, shoals, reefs, etc., was $9.1 
million in 1973, Landsat could provide a partial, if not total, 
relief of this cost. (LI) 

11. An Ohio study reports the feasibility of using Landsat data to reduce 
the costs of mapping and monitoring strip mining and reclamation to less 
than one-tenth the conventional techniques which cost about $7 per 
square mile. (LI) 

12. The Canadian government in 1973 assessed the benefits of a continuing 
aireraft-NOAA-Landsat system to aggregate to $11-12 million by 1990 
for Ganadian Ate tie exploration. (MP) 

0. ORBITAL COVERAGE TRADEOFFS 

The general user consensus is that Gireular;. sun- synchronous orbits provide 
adequate repeat consistency in the data. Also, a 9-day repeat cycle (requiring 
two satellites in an approximate 900 KM orbit) would be adequate for most 
applications. However, if cloudy weather oceurs , many applications connected 
with the weather would be heavily jeopardized. These include: 

• snow accumulation 

• melt-off measurements 

• ice monitoring 

. crop changes 

• landslides and other hazards 

If a lower orbit (->700 KM) is utilized, the design data resolution of 30 
meters would be attained. The orbit inclination would change from about 99*^ 
to about 98° to maintain sun-synchronism. This would increase polar coverage 
from about 83 N to about 84°N. Since resource exploration areas are extending 
to 85 N, a Landsat lower orbit would enhance this exploration. If the higher 
orbit (->900KM) is utilized, the resolution grows to about 40 meters. This is 
adverse to most applications since 30 meters is already marginally adequate 
and some users would prefer 10 meter resolution. 

The orbital time of day of Landsat Goverage was considered to be 11:00 AM 
for the follow-on study. The tradeoffs for this time, compared to 9:30 AM are 
shown below. 
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Subsequent to the main study effort, the planned orbit time was changed to 
9:30 AH. Most of the conmnents by the users concerning the 11:00 AM are left 
in to show their preferences. Further assessment of these orbital 
p ar erne ter s are given in the tables at the end of this chapter. 

E. LANDSAT UTILiZAKON LIMITATIGfNS 

Hie following items limit the use of Land sat and will be eliminated to 
various degrees with Landsat follow-on. 

1. Psychological Inertia 

2. Lack of adequate training and Information to potential users 

3. Limited availability of digital processing by potential 
users 

4. High cost of digital processing 

5. Spatial and spectral resolution of the products 

6. Time delay of receipt of data after overpass 

7. Lack of geometric agreement with map scales and difficulty 
in determining data element positions. 

There are needs which are Considered vital by many users and which Landsat 


follow-on will leave unresolved. Some of these are: 

• Stereoscopic mapping could discriminate rock type and add 
another dimension and more insight to structural mapping 
for the mineral and oil explorationists and waterway 
managers . 


II- 5 



33-803, Voi, I 


. A spectral band of 2.0 - 2.4tiin on the TM would enable discrimination 
between iron oxides associated with minefalizatlon from more common 
iron oxide occurrences . (MP) 

• Other bands would help distinguish other materials (i.e., an 8-9nm 
band for distinction between silicates and non-silicates). 

• An easy quick- look option needs to be perfected for the following 
kinds of applications; 

- forecasting snow-melt runoff 

- lake research 

- resource management (water, crops...) 

- navigation (including ice pattern mapping) 

“hazards (fire, floods..,) 

PARAMETER ASSESSMENT 

1 • Thematic Mapper Proposed Technical Parameters 

a. 30 Meter Resolution 

• Strongly supported by all groups. 

• Will aid increase accuracy of boundary positions of 
all mapping and cartography utilizations. 

• Will allow water and crop inventories to be made 
since the inventories depend to a significant extent 
on the aggregate of small areas to be aceounted . 

• Will allow urban distinctions to be made. 

, Not necessary for a few applications, useful to 
essential for most; some users want even better 

. A word of caution: data pro cessing load goes up, 

possibly driving it out of reach (ae least at full 
resolution) for some users . 

b. Additional (Blue) Band 

. Suppor ted by all groups . 

. Will allow natural-Golor presentations -- useful for 
some mineral discriminations . 

Water penetration aids underwater shallow water 
feature mapping, suspendec' sediment monitoring. 

. Will aid discrimina tion of hydrocarbon-altered zones. 

Caution: Haze will cause some difficulty but not 

expected to be fatal. 
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d. 


Additional l.^m Band 

• strongly supported by all groups. 

• Allows so»e additional dlscr«nation of altered rock 

zones, separation of some rock tvbP« i- 

• Allows 'etPrfi c yp s not now possible, 

lows detection of soce geobotantcal stresses which 

may be indicative of lack of prm ^ 

^ groundwater, presence of 
".ineral stressants, or plant disease. 

• Will aid snow „elt capping by better snow/cloud 
separation. 

^ Will aid in water boundary detera.ination. 

Thermal Band at 12%m Resolution 

• Strongly supported by all groups. 

• Will aid snow melt and arctic lee meltif,» K k 

, , - melting by better 

ice/snow/eloud separation. 

■ Day-night comparisons will aid rock/soil a,-=. • ■ 

« j* K/soil discrimination 

hased on diurnal temperature variations. 

• Will help isolate thermally-anomalous areas possibly 
indicative of geothermal interest. 

Will aid in water boundary mapping and possibly 
salinity. ^ 

e. increased Signal/Ncise and More Quantisation Levels 
• Supported by all groups. 

. ^iU aid in the distinction between crop types and soli 
and rock types. 

■ Will enhance pattern recognition techniques. 
to x.andsat F 0 llo«.o„ 

a. Availability of Digital Data Corrected to <rPlKel 
. Generally supported by all groups. 

• »nlm.al input internal #stortlons critical, especially 
in areas with no ground control. 

. Overlay capability critical for u 

nroKi^ . change aeteetion 

P lems (e.g., urban, geologic, agriculture). 

• hack of this capnhility may eliminate some uses of the 
data by small users, 

• Caution: Some users, particularly cartographic and 

»app ng. want uninterpoiated data (as well as the 
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with Gorrection parameters, 
b. Data available at EDG in 48-72 hours 

• Necessary for any applications which involve rapid 
decision processes, useful for most. 

. Necessary for water planning decisions. 

• Necessary for crop management decisions. 

. Necessary for navigation applications. 

. Necessary for hazard and disaster assessments. 

The following tables show the user reactions in group form of the Landsat 
Follow-on par^eters and other considerations to each significant application 
represented by the survey.* These reactions range from Good (3) to 
Detrimental (-3). The specific meaning of the numbers can be interpreted as 
follows: 

3: essential 

2: very valuable 

1: valuable 

0: inconsequential 

~1* degrades data utility or reduces probability of acquiring 

-2: makes data very hard to use or generates low probability of 

acquiring 

-3: makes data useless 

*N0TE: The Mineral and Petroleum Exploration Group developed these kinds 

of tables at their second meeting. 

The conunent column relates to the application needs and requirements 
which will be improved to sOme degree by Landsat follow-on. Most of the 
parameters in these tables are self-explanatory. •’Better S/N” refers to 
better signal to noise ratio which would yield the ’ 256 quantization levels 
instead of the present 64. This increase in data is achieved by the strong 
reflectance from the raid-day coverage by the considered 11:00 am orbit as 
well as reduced noise levels of the sensors. "Digital Tape Gorreeted - 
Registration <1 Pixel" indicates the desirability to have the data elements 
undergo a eorrection operation to rtiduce distortions so that data corre- 
lation may be made on different repeat Cycles. "Need for BDTA" reflects 
the necessity for a High Density Tape of the uneorrected data with auxiliary 
data added. 


' ~ - " I'"' ' 




1 


33-803, Vol. I 


Following these tables is a histogram (Figure 11-1) summarizing the 
tables. This histogram shows the summation of all the Applieation numbers 
for each parameter in each diseipline. For simplieity, each Applieation 
was eonsidered to have equal weight of importanee. The total overall dis- 
etpline is also shown. Note that the three highest ratings are: Gontinuity 

with previous Landsats, 30 meter resolution, and Better S/N. Some para- 
meters received no response indiGating user indifference or non- considera- 
tion, (The columns indicated with an asterisk (*) were added late in the 
survey, and all users did not have a chance to respond.) 
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G. LANDSAT DATA DELIVERY SYSTEMS 


1, Background 

From the earliest beginnings of the Landsat (formerly ERTS) program, 
efficient distribution of data to all users has been a firm program objective 
The cooperative program with the EROS Data Genter (EDC) was established for 
just this purpose. In the early stages of the program, however, much 
frustration was caused by start-up and other problems. These unavoidable 
problems ate apparently still causing many potential users to hesitate before 
making a significant commitment to operational use of the data. 


The complete process of receiving a data request, producing the 
product, and delivering the requested data to a customer typically takes from 
two to three weeks for film products. For digital data, the process is 
considerably longer and generally requires from one to two months. These 
delays are unacceptable to a major fraction of users and potential users. 

The TERSSE study found that approximately 37% of federal requirements for 
Landsat data could only be met with data delivery times of one week or less. 
Sixty-one percent of the federal requirements called for data delivery in one 
month or less. Data delivery needs of the non- federal public agencies and 
the private sector concentrated in the one week or under category . 


Based on the above it can be seen that many potential users are 
presently effectively denied access to the Landsat system since the data 
delivery schedules do not meet their operational requirements. This serious 


problem has not gone unnoticed, and substantial improvements in data delivery 
are planned for inauguration at about the time Landsat- C is launched. 


1 


2. improved Data Delivery System 

A vastly improved data delivery system is proposed for Initiation in 
about two years. The new system will consist of satellite Communications 
data links to expedite delivery of the data to users as well as additional 
processing to provide better digital and photographic products. 


Planned improvements in Landsat data delivery Include: 


1) Gollection of the data from the Landsat satellite itself 
via the tracking and Data Relay Satellite System (TDRSS), 

2) Relay of the Landsat data to the TDRSS ground receiving 
station. 
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3) Retransmission of Landsat data to GSFG via a domestic 
Gommunieations satellite (Domsat), 

4) Initial processing of Landsat data at GSFG to provide 
annotation data, system corrections, approximate 
geographical reference data, etc., 

5) Transmission of "cleaned- up" raw Landsat data to EBG 
via Domsat, 

6) Rapid screening of Landsat data at EDG to determine 
those scenes which should receive additional processing, 
and preparation of archival copies of high density 
digital tapes (HDDT), 

7) Preparation for users, on demand, of GGT*s which have 
been geometrically corrected and/or contain special 
processing features such as a speeifie map projection* 

The above procedures are estimated to cut data delivery time (from 
acquisition to delivery to users) to 2-4 days. Obviously this is a 
tremendous improvement over the current data delivery schedule. However, 
it still fails to satisfy the users who want data within one or two days 
of its acquisition* Also, depending on the exact nature of the customization 
provided by EDG, it may or may not serve the user’s needs. 

For example, a problem which is discussed in more detail under the 
management and information systems topic concerns geometric eorreetions to 
the data. To include Landsat data in a natural resources information system, 
for instance, along with other data inputs, the Landsat data must be eorreeted 
for geometric distortions and accurately located with respect to the coordinate 
system used in the information system. Furthermore, it is very useful that 
the data be rotated to provide E-W line orientation. 

Inland water resources is an area where timeliness is particularly 
critical for many applications. In fact, the timeliness of the data vrill 
determine, in large measure, whether the Landsat data are useful at all in 
some applications. Historical data and slow delivery times have served the 
research projects needed to verify the usefulness of Landsat. If the use of 
Landsat is to become operational in snow and ice surveys, flood mapping, and 
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surface water quality studies, the data delivery system must be further 
inq>roved over that now proposed. 

The n^t seetion will present proposed improvements in the data 
delivery system. The effect of these chaages on the operational use of 

Landsat data in inland water resources programs will also be discussed 
in more det^l. 

Alternative. Bata Beliv^^ System for Landsat follow-on 

The data delivery system suggested here closely parallels that 
described in the previous sections. However, there are important 
differences which make the data delivery system more responsive to user 
needs. The propr ^ •Iternative system is the same as that described 
previously througli -eipt of the Landsat data at an Image Bata Processing 
Station (IBPS),* However, significant differences appear in the types of 
processing provided and in the functional roles played by IBPS and EBG, 

The following changes in the data delivery are proposed for 
consideration: 

1) Processing of data at IBPS to provide all necessary 
internal geometric eorreetions, 

2) Reformatting (rotation) of data to provide E-W pixel 
lines , 

3) Precise recasting of data to a preselected map 
projection using ground control points if necessary, 

4) Transmission of the above data to EBG via Bomsat one 
band at a time instead of with bands interleaved, 

5) Transmission of raw Landsat data to EBG via Bomsat or 

by mail with only annotations and registration data added. 

There are substantial advantages to the above proGedure to justify 
the revisions. First, steps 1-3 above are very expensive preprocessing 


The IBPS may be located at the White Sands TBRSS Receiving Facility 
at Goddard Space Flight Center (GSFC) , or elsewhere. The location ’ 
LS not critical to the argument providing that the processing is 
accomplished prior to the Bomsat link step. 


M 
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tasks that many users must perform if they are to aeeurately register 
Landsat data to other data in a natural resourees Information system, 
for example. Performing these functions at IDPS to a standard map 
projection and to a known accuracy will help to standardize the nature 
of information systems — at least with respect to the land cover 
eomponent -- and thus encourage data intershange. 

Providing a standardized, corrected format for Landsat data 
iS properly a part of data delivery to users, while it is true that 
many users have been providing their own geometric corrections, the 
present effort is extremely fragmented. Purthermore it is probable 
that the same corrections have been applied to a scene by multiple 
users - unaware that corrected data already exist, fhfs is a wasteful 
utilization of resources which could more properly be applied elsewhere, 
With the increase in Che number and scope of users, the need for 
standardization at the earliest possible point in the data delivery 
system becomes more evident. 


By its very nature, however, a standardized data format will 
not satisfy all users, eustomization of data products would take 
place at EDC using the raw Landsat data with only the annotations added. 
Providing these custom products from EDG would tend to increase the 
efficiency of data distribution to all users since delivery of standard 
products by EDG would require little more than copying the data tapes. 
Gustomzing the data products, however, would likely require additional 
time and effort which might severely delay delivery of these products if 
they had to compete with the standard proeessing for analysis time. 
However, it is expected that eustomization would be required for only a 
small fraction of the total data. 


For those users who cannot wait an additional 2-3 days to get 
data from EDG, transmission of data band-by-band will enable direct 
reception from the Bomsat at minimum costs — provided these users are 
willing to make the additional investment in receiving equipment. 

The primary benefit here is likely to result from transmission 
of the data to EDG in a mode that makes direct reception from the Bomsat 
an attractive possibility. Since data timeliness is critical in many of 


I 
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these applieations, direct reception of the data from Domsat may mean 
the difference between acceptance and rejection of the Landsat data. 

There are several specific areas in the water resources activity, 
for example, where the timely receipt of data is critical; as discussed 
in detail in other sections of this report: 

* Snow and ice surveys 

* Surface water surveys 

* Surface water quality surveys 

Based on the above considerations, it appears that the proposed 
data delivery system will better serve those users concerned with 
transient or short lived phenomena. Gertalnly any improvement in data 
delivery will aid the detection and mapping of hoh^point pollution 
sources, for example. Other applications, such as those discussed above, 
may only be served by a rapid and efficient data distribution system 
similar to the proposed alternative. 

The current series of Landsat satellites has conclusively 
demonstrated the superiority of digital data products for most purposes. 

The use of digital data is likely to continue to predominate as should 
the trend toward inclusion of Landsat data in natural resources information 
systems. Therefore, it is worthwhile to give additional serious 
consideration to user - oriented data delivery systems. 

Gurrently, a satisfactory delivery system exists to meet the 
needs of only a small number of the major users of satellite Information. 

We have not obtained a system that is readily available to the vast 
audience of users that can provide frequent, aeeurate, standardized 
information to the user at his own location, in a format he can use at a 
time he can use it. 

A streamlined, rapid turn-around contact service for data from 
EDG has yet to be developed, it should reach the local level frequently, 
provide geographically referenced output, be available at low cost, with 
suitable resolution, in a format that needs no further interpretation. 

One can envision a system operated on a nationwide basis, through 
local contacts that would retrieve on demand the most recent available 
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information for that locality concerning that particular area about any 
activity, or resource condition, as requested by the user* 

The present systems of data analysis are not yet capable of 
preparation of data to these standards. Work must continue toward this 
end if the goals of maximizing the benefits to be derived from remote 
sensing are to be met. Although this may not be part of the NASA 
activity, it needs to be considered in the total context of putting the 
data into the users* hands In a timely fashion. 


rt^^RODUCXBILJTY of -THE 
tmiOlNAL PAGE IS POOR 
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CHAPTER III 

KEY POINT SUMMARY FOR MINERAL AND PETROLEUM E^LORATION 

This chapter contains highlights of the Mineral and Petroleum Explor- 
ation (Part 2) from the discipline discussion volume. These highlights 
have been extracted from the more detailed treatments of each application. 
The reader should consult the more detailed treatments for background 
material, supportive information, and further development of arguments 
and positions taken. 

A. BRIEF PROBLEM OUTLINE 

1. Mineral Exploration 

There is increasing demand for raw materials for industry. This 
problem is made critical by the non-renewability of thes.e materials. 

Proper management, therefore, requires complete and updated inventories. 
Remote sensing can possibly identify favorable areas and rule out less 
favorable areas, thus, contributing to inventory information and making 
exploration more cost effective. 

2. Energy Resources Exploration 

Energy demand is obvious. Remote sensing can define alteration 
patterns and thermal eharacteristiGs which may directly or indirectly 
indicate petroleum, gas, and geothermal areas. Although most coal areas 
are known, remote sensing can play a significant role in inventory, 
reclamation, and other management needs. Remote sensing can also 
contribute to the knowledge of ice flow patterns and off-shore changes 
(i.e, , sand bar movements) for tanker navigation and oil platform 
positioning, 

3. Environmental Geology 

Because of the increasing awareness of environmental concerns, 
there is an increasing desire for information which remote sensing can 
facilitate. These concerns involve water drainage systems, surfieial 
material consolidation, sediment changes, retreating cliffs, landslides, 
and active faults and volcanoes. 

Mapping and Interpretation 

The above problem statements indicate the need for a global 
remote sensing capability which can give the true position of earth 
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features with appropriate tonal contrast boundaries. The future for resr,te 

sensing to extend the capabilities „«y include additional spectral bands 
and stereo projections. 


B. KEY point SUM^^IES 


Mnera 1 Explorati on 

Remote sensing shows promise in identifying areas favorable for the 

ocation Of mineral deposits, and in ruling out areas of little promise. 

thus enabling a more selective use Of costly ground exploration. Specifically. 

e synoptic view from remote sensors in space permits delineation of 

distinctive geologic features Of many hinds known to be associated with various 

types of mineral deposits. Before the information can be used effectively for 

exploration, the relationship with a "target" - an ore deposit, oil field. 

eoneentration of eonstruetion materials, or other extractable 

’ excraecabie resources — must 

be established. All degrees Of relationships ean exist. 

The need for these data is made even more critical by the fact that 

our mineral resources are i^renewAble and a complete and i»tediate inventory 

OL such resources is eritiVal i-n 

critic ai to their proper management. 

B-^r face. Mater ials, Gomposit ion 

The most promising techniques for acquiring information about the 
Chemical and mineralogi .al composition of surface materials from satellite-borne 
instruments are based on measurements of the following physical parameters: 

1. visible end near- inf rared spectral reflectance 
2- thermal inertia 

3. thermal- infrared spectral emlttance 


It is now clear that processing the MSS spectral radiance data permits 
su tie distinctions among rock and soil units that eannot be achieved through 
analysis of unenhaneed images or color photograohs. 

• In stretched- ratio image concentrations of iron-oxide 
minerals ean be distinguished .from other mineral assemblages. 

This is important, not only because of the association of limonite 
with some hydrothermal alteration zones, but also because it illus- 
trates the potential for using spectral data for estimating surface 
composition. With the exception of limonite, the MSS data ean be 
used with careful processing and analysis to discriminate some 
materials, but it does not permit identification. 
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• Addition of speetral bands near 1.6 fim and 11 /im and imaging 

at both 11:00 am and 11:00 pm with the Thematic Mapper would markedly 
Improve the capability to diseriminate surface materials. Reflee tanee 
contrast between broad eategories of rocks is highest in the 1.6 fim 
region. Another advantage of the planned 1,6 |Ltm band is that vigorous 
vegetation is darker in this region than most rocks, eKpeclally hydros 
thermally altered rocks. This eharaeteristie should allow diserimi- 
nation of altered rocks in areas of denser vegetation cover than is 1 

possible with present MSS data. 

• Thermal inertia measurements permit discrimination of surface 
and near-surface materials that cannot be achieved, using any other 
remote sensing techniques. Moreover, the compositional information 
obtained is highly comp 1 ement ary , rather than redundant, to techniques 
that depend on spectral refleetanee differences. 

• Goraparison of the average reflectance spectra for rocks with the 
proposed Thematic Mapper speetral bands shows that only the iron ab- 
sorption bands and the 1.6 fixti window are included in the sensitivity 
range of the Thematic Mapper. No radiation will be measured in the 
2.2 /xm region. Therefore, critical information pertaining to hydrous 
rocks will net be available. 

• the rationale for thermal- emlssivity rati ping rests on the fact 
that some rocks depart significantly from black- body behavior in the 
8 to 14 ^m region, resulting in an absorption (or reststrahlen) band. 

This phenomenon is most prominent in silicates, and its wavelength 
position can be related to the composition of the rocks. Multi- thermal 
channels permit a separation of eomposi tiona 1 and ternperature di f ferences 
among geologic targets. Two crucial questions can be answered by moni- 
toring multiple spectral bands in this region: (1) is the material a 

silicate or non-silicate, and (2) if it is a silicate, what is its 
general composition? 

• The thermal-infrared band with 120^meter resolution offers the 
best thermal data yet available. Specific applications for uranium 
exploration will probably center on definition of lithologic varia- 
tions in potential host strata, especially where standard geologic 
mapping is difficult. 
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Iffleoua intimsives and Impaet 


of the Important mineral deposits of the world are asso- 
ciated with iotrusive igneous bodies. Of great importanee are porphyry 
copper deposits within igneous bodies of intermediate to felsic compo- 
sition. In the enclosing rocks commonly found peripheral to these 
intrusives are deposits of base and precious metals. Where igneous 
bodies intrude carbonate rocks, deposits of tungsten, silver, and 
base metals may fo^rm within the surrounding zone of metamorphism. 

• Discrimination of rock types or alteration associated with 
mineralisation can be made on the basis of spectral information 
properly combined and enhanced. study of satellite images thus 
provides a basts for identifying promising exploration areas in 

which necessary field data can then be acquired to confirm or deny 
mineral potential. 

• The principal contribution of the planned Landsat follow-on to 

the delineation of igneous intruslves will lie in the increased reso- 
lution of the Ihematie Mapper. 

• In desert areas, thermal data probably will serve to distinguish 
many intrusive bodies from surrounding rocks, and will help to discri- 
minate among different types of Intrusive rocks. 

• The added 1.55-1.75 ^m band may aid in defining intrusives of 
different iron-mineral content than surrounding rock. 

The breceiated and fractured rocks below and around Impact struc- 
ures^provide conduits and traps for ore-forming fluids. Much of the 
world s nickel and cobalt is produced from a probable impact structure 
a ury, Ganada, and gold is being mined in the Ishim ring structure 
another probable impact structure in north-central Kanafchstau. The 
Garolina bays in the Garolinas and Georgia, long- suspected impact 
structures, produce much of the peat in that part of the U.S. 

• Over 800 of these have been located on Landsat images. Space 
Photography is an excellent tool for finding such circular structures. 
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e, Tr ?etpnlc8 

Geologic structures that influence the location of mineral de- 
posits Include faults, shear zones, joints, and other fractures. Many 
of these structural features can be mapped effectively from space. 

Using new concepts of "continental drift" or "plate tectonics", 
many geologists postulate a relationship between major crustal breaks, 
igneous activity, and ore deposits. Structural geologic information 
extracted from data provided by space- borne remote sensors is being 
used to attempt to unify the "classical" concepts and the newer plate 
tectonics hypotheses. 

• the synoptic view is invaluable for regional geologic studies 
because it provides a view of a much larger area and perndts corre- 
lation of structural features over much greater distances than by 
using aerial photographs. 

d, ExQSipnal and Eteposi tional Ees "ores 

Deposit ional features of economic potential are features where 
economic deposits of precious metals and/or nonmetal lie minerals may 
be concentrated by primary deposition or secondary enrlGhment. 

Eros ional features are important in mineral exploration because 
they provide evidence as to surface eondltion, recent morphologic 
history, and mechanisms of possible redistribution of material. 

• Both eroslonal and deposit! onal features are identified from 
aircraft or satellite images, mostly on the basis of surface pattern 
and topography. 

• Three image characteri sties are of prime importance in identi- 
fication and mapping of these features: (1) a reliable presentation 

of normal tonal values and/or colors, (2) stereoscopic presentation 
of the scene, and (3) a regional perspective. 

• Digital analysis can be useful in enhancing surface textural 
features . 

e. Vegetation 


Although vegetation masks soils and rock outcrops, it can be 
used as an Important indicator of the underlying geologic terrain. 
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Many ore deposits are eoneentrated along fraetmires in the Earth's 
crust. Where such fractures are water rich, they are often marked 
by healthier and more abundant vegetation. 

Variations in vegetative cover also indicate differences in 
soils which reflect differences in the underlying rock units (such 
as in the Powder River Basin, Wyoming) and accreting shorelines (i,e,» 
those along the east coast of the Wnited States where valuable titanium 
deposits were found). Local, anomalous vegetation patterns may also 
serve as indicators of anomalous eoneentrations of heavy metals in 
groundwater (metal poisoning) or nutrient- deficient parent rocks 
(such as serpentines and other ultrabasics). 

• The proposed system will offer some improvement over the present 
Land-sat by the addition of the 1.6 fim band and improved resolution for 
use in vegetative mapping. 

f . Economic Considerati on s 

The use of Landsat data to their fullest potential for minerals 
exploration should produce the following economic advantages: 

(1) Savings during the reco_nnaissanee exploration stage . 

The savings will be proportional to the decrease in amount of ex- 
ploration effort (and cost) for this first stage of exploration. 

(2) Savings during the exploration of individual pro_sp_ects - 
This function would be to help elirainato unfavorable areas and permit 
concentration of the more expensive exploration procedures on the 
most favorable areas. 

• Actual monetary savings are difficult to assess* and virtually 
impossible to document. An expected increase in efficiency of 20 
per cent through the use of Landsat imagery in ruling out unfavorable 
areas and selecting the most promising areas is not unreasonable. 

• Another important consideration for mineral exploration and 
development is more efficient pianning that might result from accele- 
rated discovery of ore bodies. For example, in Georgia, recent dis** 
eovery of a Garbonaeeous clay (an excellent light-weight aggregate) 
deposit was made near a rail line that was abandoned and dismantled 
only two years ago. These deposits, currently uneconomic, would 
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have been economic had they been discovered in tiiiie to save the line. 
Re-establishment of the rail line now would involve unacceptable costs. 

• Additional savings can be expected by the use of Landsat follot-r-on 
data during the development and operational stages of mineral extraction. 
These savings will come from more efficient Operations resuiting from 
better site selection for processing facilities, waste disposal areas, 
and other development associated with a major mine. 

2. Energy Resources Ex;pl oration 
a. getroleum (Qn Shore) 

1. Structural Studies 

Petroleum exploration and production typically follows six 
states of activity for companies that have begun using satellite 
data: 

1) Regional geologic reconnaissanGe of large areas are 
used to recognize sedimentary basins and major structural 
features within the basin. 

• Landsat images compiled into mosaics have proven valuable 
to many companies for this exploration phase. 

2) Surface geologic mapping and sampling of outcrops. 

• Enlarging Landsat images can aid in locating areas suitable 
for these studies. 

3) Aerial magnetic surveys and ground-baseu gravity surveys 
are the initial geophysical reconnaissance. 

• Trends of lineament and structures for Landsat interpretation 
of regional reconnaissance can aid in locating and orienting 
these surveys to obtain optimum crossing of the struetural 
pattern. 

• Base maps derived from Landsat can be valuable aids to the 
aircraft navigators and field party chiefs. 

4) Seismic surveys are made over promising anomalies located 
in the previous 3 stages . 

• Traffieability and access information from the Landsat maps 
ean save several days of crew time each month at a typical 
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cost of $3,000 per day in isolated foreign areas, 

5) Drilling of prospects that have been targeted by 
activities 1 through 4. 

6) if the 1 to 20 oddi-. against success have been overcome 
and an oil field discovered, the final stage is to produce and 
tranisport the oil to market. 

• Preliminary pipeline route studies can be made from Landsat 
images and environmental impacts assessed. 

2. Direct detection of iLydrocarbons 

Although many of the detailed geochemical processes and 
Interactions are poorly understood, some general pathways of 
petroleum mieroseepage are known. The surface manifestation 
of these processes can be used empirically in the search for 
new oil and gas deposits and, given the proper conditions, 
they are amenable to remote detection, 

• Feasibility studies have suggested the practicality of 
using Landsat data in Gertain areas to recohnolter for 
different kinds of surface alterations, Landsat follow-on 
should appreciably increase the number of such alteration 
patterns that can be detected, owing principally to its 
30-meter resolution. 

• Addition of the 1.5- 1.8 m and 0,50-0.52 ^m ehahnels will 
aid in the discrimination of alteration products associated 
with hydrocarbon seepage. 

b. Petroleum (Off Shore) 

There are several offshore exploration problems that Landsat 
data can be helpful with, though most of these uses are just beginning 
to oeeur. The most rudimentary is ice flow and iceberg mapping, which 
is particularly important to the increasing petroleum exploration and 
tanker transportation in Arctic waters. 

• Landsat 1 and 2 repetitive coverage would be useful for this 
purpose if newly collected images were available on a timely basis. 

• The thermal IR eapablUty of Landsat G and follow-on should 
help somewhat in discriminating ice from snow and clouds. 
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Since seismic exploration in shallow shelf seas is conmonly 
hankered by uncharted underwater obstructions, such as coral reefs 
and sand bars, Landsat imagery and computer'' enhanced images can 
be of important use for bathymetric mapping. 

• The addition of the 0. 50- 0.52 fita. band on Landsat follow-on is 
expected to increase water penetration by approximately 30%. Sea- 
bottom structural features (lineaments, salt domes, etc.) inter- 
preted from Landsat data can lead seismic teams to likely regions 
of favorable structure for shallow petroleum deposits. 

• The new blue band of Landsat follow-on will be quite helpful, 
though the later tlnie of day may be harmfu 1 in th at more sungli nt 
from normal sea state wave action may be expected. 

c. Goal 

In general , domestic exploration for coal has not operationally 
utilized Landsat imagery because U.S. coal deposits are known. Thus, 
industry's interest in remote sensing for coal deposits involves re- 
source assessments, reserve determination, ndne planning, geologic 
hazards evaluations, land inventorying, and reGlamation and environ- 
mental surveys. 

• The principal improvement in the present Landsat (1, 2, and G) 
imagery which would encourage active utilization of Landsat remote 
sensing by the coal industry would be to significantly increase the 
resolution from which their operational maps axe being derived. The 
planned 30^meter resolution of Landsat follow-on will undoubtedly en- 
courage the coal industry's utilization of Landsat follow-on imagery 
in domestic coal operations. 

• Anderson cites a cost comparison between air photo and Landsat 
monitoring of surface mining areas per 10,000 square miles of $265 - 
360 versus $0.30 - 0.60, a cost factor of 880/1 to 600/1 in favor of 
Landsat imagery. 

• A major improvement will be the addition of the 1.55 ^ 1.75 
band. This band can be ratioed with the shorter wavelength to better 
sense carbonaceous material, specifically coal, because of its high 
absorption compared to most other rocks and vegetation. 
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d. Shale Qll and Tar Sand 


eeproducibility of the 
original page is poor 


The extensive deposits of oil shale and tar sands in ff^stem 
m.S. and Canada eould provide a potential fnture source of petroleum. 
Unfortunately, the current technology of extracting this valuable 

hydrocarbon source does not make it econoudeally attractive at this 
time . 


When this hydrocarbon source becomes operationally and economically 
feasible, Landsat data will be invaluable in monitoring the environmental 
impact of the mining process and Landsat follow-on, with its improved 

spatial resolution, will greatly increase our ability within this 
app 11 e at 1 on ar ea , 

e. Geo the r mal Exp lor a t I o n 


Geobotanieal anomalies (e.g. vegetation- stressed areas) are often | 
associated with surface temperatures, some of which are 2° C or more | 
warmer over geothermal resource areas than over the surrounding terrain. I 
Aerial surveys of geothermal anomalies have outlined the extent of ' I 
thermally active geothermal resource areas about as well as shallow I 
ground surveys and required only 6% of the time and cost. I 


• Landsat follow-on will have the potential of detecting these 
areas because of the inclusion of the l.S - 1,6 ^m band. 

Indirect evidence of geothermal resource areas manifested by 
volcanism, tectonism, or high heat flow is provided through the flow 
of hydrothermal fluids and surface alterations. 

• The visible and near infrared bands. When ratioed, have been used 
to Ideriitify some hydrothermal ly altered areas. 

• Landsat imageiy is useful for locating fracture systems that allow 
hydrothermal fluids to clreulate. 

Thermal inertia maps outline contrasting features associated with 
the different physical characteristics of near-surface geologic materials 
(e.g moisture content, density, specific heat, thermal conductivity). 
TMs provides a photogeologic aid for loeating faults and hydrothermally 
altered materials found in assoelation with geothermal resources. 
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• Day- night temperature differenees determined from 10.4 to 12.5 fim 
infrared radiation, measured twice daily on Landsat G and follow-on 
satellites, could be useful for thermal inertia studies. Some areas 
with surfaGe isotherms above the surrounding areas may contain ex- 
ploitable concentrations of hydrothermal fluids at temperatures near 
200 G and depths from 1/2 to 3 km. These hydrothermal fluids discharge 
along faults, fractures and ehannelways. This raises the local Isotherms, 
increases the vertical temperature gradients and transfers heat partly 

by conduction, but mostly by convection to the surface. 

• Landsat nighttime thermal imagery is expected to outline the aerial 
extent and thermal energ patterns Over geothermal areas with surface 
isotherms 1 or 2^C and 3 to 10 ®G or more above surface ambient. 

3. Environmental Geology 

This section addresses the application of Landsat follow-on to 
the selection and evaluation of sites for engineered structures in 
terms of geologic hazards, earth materials for engineering usage and 
environmental impact (exclusive of mineral and mineral fuel extraction). 
Remote sensing data are typically used in site investigations for dams, 
power plants, flood control structures, towns, airfields, bridges, 
tunnel locations and high ■=■ rise buildings. These data are also applied 
to corridor surveys for highways, railways, canals, pipelines and 
powerlines, as well as in exploration for stone and aggregate and fill 
material. 

• The synoptic view of the project region available from Landsat 
follow- on will depict conditions existing at a given time and provide 
data relating to the relationships between climate, geology and 
cultural factors that are of particular value in evaluating the impact 
of a new engineering facility on the environment. 

• Evaluation of sequential coverage of the Landsat follow-on will 
provide a method for noting changes in the landscape and its environment. 

• The system's greater resolution capabilities will be an improvement 
over the present MSS system in Landsat 1 and 2 for numerous applications, 
such as linear delineation, landform analysis , rock and soil identifi- 
catioh, and recognition of potential hazards such as landslides and 
sinkholes. 
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• The greater spectral range of the TM will permit better dlseri- 
mination of soil and roek types and vegetation cover. 

• The 9^day coverage frequency of Landsat follow-on, coupled with 
the resolution of the TM, will allow it to be utilized to monitor 
Swieh post-eonstruetion changes as landslide activity, erosion,and 
reservoir leakage occurring over large areas. 


a. Earthquake Damage 


Both active and inactive faults present potential hazards for 
engineered struetures. During earthquakes, structures astride the 
fault trace are subject to rupture, and struetures within the area 
of significant ground- shaking are affected by ground acceleration and 
secondary ground failures associated with the ground- shaking (lique^ 
faction, landslides, lateral spreading, soil collapse). Inactive 
faults present a hazard to certain structures, such as dams, because 
fault breccia zones are generally highly permeable to fluids moving 
parallel to the fault. 


• Because of its improved resolution, Landsat follow-on will permit 
the identification of many faults capable of generating damaging earth- 
quakes, especially useful in areas where limited aerial photo coverage 
is available. 

In contrast to the great potential for locating possible active 
fault zones by remote sensing teehniques In the arid United States, 
location in the eastern United States is one or two levels more 
difficult. Location is hindered by the thick soil and vegetation 
cover, and by the generally lower level of seismicity, ground inves- 
tigations have revealed several small post-Gretaceous faults, some of 
which may be as young as Holocene. These do not appear prominently on 
Landsat 1 and 2. The higher resolution of the Landsat follow-on might 
permit better identification of possible fault zones through the recog- 
nition of aligned vegetation and land use patterns, and anomalous land 
use patterns resulting In identifiable lineaments. 

Cross-strike lineaments may be identified with seismicity in some 
parts of the eastern United States. The preparatior\ of regional frac- 
ture-lineament maps to accompany the growing number of regional seismic 
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networks throughout the United States is an important step in eonsi- 
deration of nuelear power plant siting* Land sat 1 and 2 images are 
currently being analyzed with respeet to cross strike linears throughout 
the eastern seaboard, and possible eorrelattons with seismicity noted. 


• Land'sat follow-on images will improve analysis of cross— strike linears 
because of the better resolution; however, the higher sun angles will be 
detrimental. 


b. Landslides 


Monitoring landslides is one of the more significant potential 
applications of earth- orbiting satellites in the earth sciences because 
earth novements are one geologic process which proceeds on a relatively 
short time base. Little use has been made of Landsat 1 and 2 in the direct 
identification of landslides because the 80m resolution is insufficient. 


• Improvement to 30m resolution with Landsat follow-on should permit 
larger landslides to be identified; however, the vast majority of land- 
slides are much smaller and will still be below the resolution limit. 


• The planned higher sun angle and lack of stereo are detrimental 
to landslide identiflGation. 


e. Subsidence and Gave- ins 


The hazard of cave- ins and sinks in limestone terrain has been 
identified by observing alignments of the larger sinkholes on Landsat 
1 and 2 images. Knowledge of the areas where limestone sinks were 
most likely to be enGOuntered permits significant savings in highway 
eon s truct ion . 


0 Landsat follow-on, by permitting smaller sinks to be identified, 
will sharpen the ability to predict sinkhole hazards. 


d. VcLlcanlc Eruptions 


The hazard from voleanie eruptions is one that is typically 
monitored at a variety of scales from ground observations to satellite 
reconnaissance. The greatest value from satellii: jbservations is in 




remote areas. 
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• landsat monitoring of Iceland has revealed the potential to 
quickly map new flows and tephra falls. 


e. Foundation and Construction Materialfi 


The physical properties eharaeterizing a foundation material are 
dictated by the composition, degree of consolidation .and structure (e.g., 
the presence or absence of planes of weakness). The oeeurrenee of con- 
struction materials (quarry rock, sand and gravel, and clay binders) is 
closely related to associated landforms. Landform analysis, therefore, 
is the commonly used approach to the search for construction materials. 
Examples are alluvial deposits (sand and gravel), sand dunes (sand), and 
residual deposits (lag gravels and cinder cones). 

Although large-scale color photography has been noted to be best 
for the location of construction materials, the close relationship of 
material type to associated landforms provides the opportunity for the 
use of landsat follow-on for this purpose. 


f . Co St Bene fi t s 


Available data do not make possible a definitive evaluation of the 
cost benefits that can be realized from utilization of Landsat follow-on 
data. Toward this goal, however, a recent study exemplified the losses 
associated with geologic hazards in California. Losses in property 
damage, life, and mineral resources from geologic hazards in Calif omia 
are estimated to be $55 billion for the period 1970-2000. An estimated 
$38 billion of this could be saved by application of current state-of- 
the-art reduction measures at a cost of $6 billion. Foreseeable advances 
in the gtate-of-the-art loss reduction measures could result in near-zero 
lOoS of life and a 90 percent reduction in property damage. 

• Landsat follow-on data can reasonably be expected to play a 

significant role (conservative -- 1%) in this reduction because 
of its ready availability, frequency of coverage, and low cost 
to the user. 


III-14 


V 


Geologic mapping and interpretation include all mapping of the 
geometry and composition of the earth’s surface materials, i.e. 
lithologic and structural mapping (the two basic facets of the stan- 
dard geologic map), as well as special purpose mapping, such as geo- 
morphic (landform) maps, surficial deposits maps, etc. Also included 
in this context is planimetric base mapping, since the geologic infor- 
mation must be plotted on an adequate base, and since Landsat imagery 
itself has proven to be a near-perfect Orthophoto base map medium for 
this purpose. 

The importance of geologic mapping and interpretation for mineral 
and p et r o 1 eum exp lor a ti on ( and h ass ar d s / engi ne eri ng or envi rOnme n t al 
geology) cannot be overstated. The geologic map provides the data 
base from which the fundamental interpretations are made to recon struct 
the chronology of geologic events affecting a region. Then, and only 
then, can a Gomprehensive and efficient exploration program (or hazards 
assessment) be effectively carried out. 

• Generally speaking, the overall quality of the geologic maps that 
can be produced using Landsat follow-on imagery will be significantly 
improved, principally as a result of the three- fold increase in spatial 
resolution of the Thematic Mapper. 

0 The reduction in shadows will reduce the ability to interpret sur- 
face morphologic features. Distortions, both radiometirie and geometric, 
caused by the wider angle of instantaneous ’’view” of the sensors will 
adversely affect many applications to an unknown degree. 



A very useful product of Landsat 1 is the orthophoto map, a number 
of which are already available as federal and state publications. These 
are printed halftone reproductions of Landsat mosaics of individual states 
or smaller regions. They may be monGehromatic , made from a single speetral 
band, or polychromatie (false color) combi nations of two or three bands. 
They are **photographie” renditions of landscape reality rather than man- 
made maps, and as such are extremely useful in regional structural analysis. 
Cultural information is easily overprinted on these maps. 
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refl t- ^ *^®Sion of 1.6^ m there is a greater range of intrinsic 
0 4 ^Trr niaterials than at any other wavelengths in the 

::zij;;:;:: rrr* •; ■•“••“•' 

range from 10 to 757 

versus 8 to 40% In the present Landsait spectral bands. 


• The 1.6 M.H band will provide a unique capability for s,easuring 
vegetation stress by reflecting the underlying soil composition in 
addition to other faetors. 


. Analysis applied to 10 classes of materials including basalts, lime- 
_ nes. altered materisls and others showed the 1.6 ^m band to be the most 
important band for separation of these classes. 


o*f 64^!iiriur^ -is-al-to-noise ratio, providing 256 gray levels instead 
64 will allow subtle tonal features associated with facies changes of 
all kinds to be displayed, 

• Mditibn of the... 10^12 um th.,K.. al. infrared h,,.. 


conte!t"""V“"'' 

- teu,t rs also an important factor. Onder reasonahly dry conditions. 

^ luctions such as limestone and granite vs. dolomite or quartsite 
S au and marl vs. limestone and granite, and basalt and amphibolite ’vs. 

d.j", d.'.Z ..u..d 

beca ddddds, AISB, some soefaee macerials are dlsEtagaiabable 

e ause of their different moisture retention property 

studies employing the thermal inertia approach have not been speci- 
^ally directed towards altered rochs. but consideration of mineralogical 

ritTT' ^ 

e istinctive. in general, thermal Inertia might be expected to 
increase with increasing alteration intensity due to decreasing porosity 
and inereasing quartz content. 


• This Will be most useful for geologic applications, if night-time dots 
can he obtained. Although the 11:00 am and 11:00 pm acquisition times are 
optimum, and 9:30 AM time is even worse, thermal inertia naps can be 

created which will provide Information complementary to that obtained from 
the reflective region. 
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G. ^iRRlng of GeomojrphlG FjBa:t_u;r_e.s 

• The nearly three-fold inerease in resolution (from 80 m to 30 m) 
in the Theraatie Mapper will signif icantly improve the capability to map 
glacial, fluvial, desert, and permafrost features, which are marginally 
observable or below the limits of detection on earlier Landsat imagery. 

Coastal mapping will increase our knowledge of dynamic coastal pro- 
cesses in both a fundamental way and in the solving of practical problems 
of coasts and harbour engineering. Such applications include mapping 
seasonal changes along beaches, mapping erosional and depositional 
Ghanges along coasts, measuring rates of eons true tional and destructional 
processes, mapping the Ghanglng geometry of land both above and below 
water level, mapping subaqueous bedrock structures, shifting shoals, 
monitoring the effects of coastal engineering, providing guidance for 
dredging operations, monitoring (and ultimately predicting?) coastal 
landslides based on the mapping of soil moisture and the arcuate devel- 
opment at heads of slides, 

• The water penetrating capability of the .45 - .52 band will also 
permit the mapping of suspended materials and the calculating of settling 
rates after storms. Reservoir filling patterns and rates of reservoir 
filling might become mappable and hence measurable. 

• An inescapable shortcoming of this waveband is that atmospheric haze 
will be about three times the signal strength, but digital enhancement of 
the data will hopefully diminish this disadvantage to a significant degree. 

d. i tr tie tur al Map ping 

StructuraL mapping includes the delineation and analysis of all visible 
folds (antielines, synclines, monoclines, structural terraces, etc.) and 
fractures (faults of all types, joints, etc.) revealed on the imagery. 

Most of the structural mformation derived from Landsat to date has been 
in the form of linears as well as curviiinear and arcuate features. 

These phenomena have been strikingly discernible on the Landsat Imagery 
to date due to the shadowing effect of the low sun angle (9:30 am time 
of equatorial crossing). The change of time to 11:00 am will result in 
a higher sun angle, fewer shadows and hence, diminished visibility of linears. 
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• Unfortunately, effective and comprehensive structural mapping is 
not possible to achieve in the "monocular” mode c- the present Landsat 
imagery. Stereo vision is needed to determine the inclination of dipping 
strata, the presence of fold structures and the direction and magnitude 
of offset (if any) along the faults (or linears). 

linear and Long Lineament Mapping 

Earlier Landsats have demonstrated the value of MSS Imagery for the 
detection and delineation of tens of thousands of kilometers of hitherto 
unknown linear, curvilinear, and circular features. Many of these are 
now being investigated on the ground, by both conventional and geophysical 
methods. The goals of these ground investigations range from basic map- 
ping and research into fracture pattern geometry and brittle deformation, 
to the search for indicators of petroleum and mineral deposits. 

The preparation of regional fracture-lineament maps is vital to the 
growing need to ascertain which fractures are related to current earth- 
quake activity. The proliferation of regional seismic networks (e.g., 
California, Missouri, the Northeastern States) is already providing a data 
bank of fault plane solutions. Gompanion brittle structure maps are now 
needed. Applications to nuclear power plant siting are obvious and com- 
pelling in view of the National goal of energy independence by the late 
1980»s. 


• The nearly threefold Increase in resolution (from 80 m to 30 m) will 
provide at least two additional new contributions to the mapping of linear 
features: 1) the detectability of shorter linears which. In the extensive 

plateau areas of the glebe can be expected to provide maps of joint sys- 
tems; 2) a look at the "fine structure" of large-scale lineaments which 

are already mapped, but which have very complex surface expressions and 
origins . 


Attempts to predict new mineral-rich areas have been made by relat- 
ing the distribution of known minefaiizatlon to three tectonic concepts: 
1) classical geosynelinal theory, 2) plate tectonics, and 3) crustal 
block tectonics. All three relate mineralization to linear elements 
in some way. 


• The synoptic view of Landsat has permitted the recognition of a per- 
vasive system or systems of long lineaments, many of which correlate with 
the crustal zones already postulated, and many of which represent new 
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alinements. Researeh on these lineaments, and their relation to teetonlG 
linear features, to crustal block boundaries, and to mineralized areas, 
has presented persuasive evidence that Landsat long lineaments do reflect 
crustal features that have controlled mineralization. 

• Once world-wide, multi-season coverage is obtained, repeated views 
are not necessary. The value of repeated views to take advantage of sur- 
face changes (denudation, fault offset, etc.) will be felt in structural 
mapping and short linear study, directed to location of areas meriting de- 

( * 

tailed study, sampling, geophysics, and drilling. 

i 

f . Circular Features 

Recognition of unsuspected circular features is perhaps the most 
unique Immediate return from Landsat. The value of this phenomenon is 
readily apparent. Some represent buried volcanic centers, alined along 
earth fractures characterized by progressively offset eruption, and help 
in the prediction of progression of voicanic activity. Most outline 
calderas, ring dike systems, impact craters, or subjacent plutonic bodies, 
features known to have mineral deposits along their periphery, or contained 
within them, or which provide indicators of high temperature activity 

nearer the surface than elsewhere, and hence possible source areas of geo- j 

thermal power. Others suggest basins, or domal structures in the sediments 
of those basins, guides to oil and gas, or saline deposits. 

• The qualifications with respect to the value of Landsat follow-on 

described for long lineaments apply to circular features as well. J 

• The addition of capability for first approximation thermal inertia | 

maps will be of additional assistance for exploration for geothermal | 

power, although the data will probably be insufficiently detailed for | 

more than corroboration of the potential of areas. I 

g. Arctic Sea Ice Mapping 

Sea ice monitoring and forecasting impact transportation of exploration 
and development materials to the site and products from the site, providing 
knowledge of present conditions for navigation and predicting future condfc 
tions for route selection. This involves location and extent of navigable 




■■■ ■ T 


33.803, VoX. I 

leads bergs, floes, pressure ridges, and areas of weak and new or strong 

an o ee. Marine seisrale exploration is similarly affee^^^^ Inereas- 

ng use of on-iee winter seismie methods requires similar knowledge of 
eads melt areas, pressure ridges, lee islands, and surface roughness 
installation of off-shdre platforms and loading facilities is Impacted 

as well as construction of between-island pipelines and overland pipe-’ 
lines at land-water interfaces . 

• lee watch and forecasting, begun by surface methods, and later aerial 
^urveillance has been significantly advanced by the meteorology Satellites, 
n mum resolution on these, however, is about 1 km (NOAA 3-4). Landsat 

•' 

• The Canadian governmeni: in 1973 assessed the benefits of a remote 

aenslng system including sustained Landsat data (based on Landsat 1). They 

estxmate an aggregate of $11-?12 million in benefits by 1990 for all phasel 

Arctic exploration (Canada only), assuming an aireraf t-NOAA-Landsat 
continuing system. 

. The greater resolution, increased spectral bands, and increased repe- 

ately tloes. bergs, leads, new and old ice. pressure ridges, and melt 
In theTItll! exploration and development activities 

L oTlZ ""T 

or detriment, as the sun angle is universally low in the Arctic. 

• The Increase in atmospheric attenuation and 
experienced in the middle of the day may be deleterious 

• As positioning is of great importance in the ice, the Increase in 

-wing angle producing geometric distortion of any significant amount 
is uctri-msnisl , On^ice -fo .f i , 

, „ minimal, but position is obtained 

locally commonly with respect to high relief ia J areas. 

. For effective use. geometric distortions should be routinely and 
tepidly removed before imagery is supplied to the user. 


generally 
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• As potential resource areas extend north to about 85°, exploration 
will he enhanGed hy a more polar orbit due to the inelinatlon change re- 
quired to maintain sun-synchronism for a lower orbit. 

C. CONTINUING ISSUES 

1 • The Gas.e for Stereo ! 

Landsats 1 and 2 have not yet had the striking impact needed to meet i 

the growing world -wide demand for energy and minerals resources. Although 
Landsat G and follow-on, as designed, will have importa^-L Improvements to » ^ 

their forerunners, they will not square up to the needs of the exploration 
geologists, pattleularly the ^ explorationist. In the view of many ] 

geologists, the greatest need is the capability for s tereo viewing. 

Regional geologic mapping includes at least two basic facets, i.e. , 

(a) lithologic mapping (disGrimination of rock type composition) and (b) 
structural mapping (folds, faults, etc.). This basic geologic map becomes 1 

the data base interpretation and determination of the chronology of geo- 
logic events, from which effective petroleum (and mineral) exploration 
begins , 

M^imin atlon of Rock Type is the first phase of the basic geologic J 

mapping process. The experienced photogeologist is able to routinely dis- ;! 

criminate between the basic rock types to a remarkable degree of accuracy 
when the imagery is viewed in the stereoscopic perspective, because the i 

lithologic charaeCer of the bedrock produces unique land form and textures ^ 

that can be readily recognized using stereo vision. The "form" and "tex- 1 

ture" of the terrain, and the associated drainage patterns provide remark- I 

able clues to underlying lithologies, even in heavily vegetated areas and ^ 

in areas with a thin veneer of surficial deposits. 1 

Mtuctural Mapping includes the delineation and interpretation (eval- I 

uation) of all visible folds (anticlines, synclines, monoclines, structural 1 

terraces, etc.) and fractures (faults of all types, joints, etc.) revealed i 

on the imagery. It is important to perceive and delineate the small and J 

large structural features alike, since the smaller features are products I 

of movements of the larger elements. | 

Effective and comprehensive structural mapping cannot be achieved in | 

a "monocular" mode. Stereo vision is needed to determine the inclination I 

of dipping strata and the direction and magnitude of offset (if any) along | 

the faults (or lineaxs). Most of the structural information derived from | 
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Mat to date has been only two dtoensional while in fact they represent 
Ptoiound three-di„ensional elements to the ,eole,ie i™:: 

.terpretation holds the hey to unloching the ohronology of geologle events 


-Addition of a Ban d Near 2 . 2 ^nm 

«:: r:. ‘~r: rrr r r“‘- 

any rous unaltered rochs. such as ferruginous sandstone and tuff wil 
not he distinguishable fron li^unitic altered rochs. and ( 2 ) unal ered 

anhydrous rochs that are highly reflective in the is / 

simile.- 4 6 y lectlve in the 1.6 region will appear 

Si. lar to ron..poor hydrous altered rochs. Ihus. a prohle. of .ay! i._ 

Po^ance. the ability to separate iron oaide associated with .iner;iic;Ln 

moire Gommon Iron oxide oGeurrenGes m-n i j 

ux fences, will remain unsolved. 

Additional support for the importance of 9 9 u . 

analysis of S-192 spectral rad1. a u 

spectral radiance data by Marrs and his associates con- 

eernlng sedimentary rochs in Wyoming. Of the visible e a 
spectral heeS. . visible and near-infrared 

P Ctral bands, contrast among the units was found to be highest in the 

• . band, although contrast was also high in the 1 6 „ 

“■* »• »••••« « (...u), 

■*“ '**“■•*" ■“ 1 . 

3 • ^h££mal_B^nds 

iO 17 and 

of th ^'"‘hi determination 

^ e non-blaoh-body emlssivlty neoessary to thermal measurements 

partioularly in silicates, thus pe*itting a separation of compositional 
dxf eronoes ooneerned with silicate materials. A dual thermal band 
would also have built-in redundaney. 


0. SUMMARY AND CONCLUSIONS 

Table gives a summary of the subgroup evaluations. The 

last eolumn of the table gives a grand average of all four sub- 
applieatibns. The evaluation numbers range from -3 (Detrimental) 
to +5 (Good), with zero being Neutral. These numbers are relative 
to the best attributes of Landsat 1, 2, C, and follow-on for geolog- 
ieal remote sensing. 

Of the three lowest rated line items, two were ground station 
funetions. Low eontrast images were eonsidered worst by users, although 
high eontrast stretched single ehannel images are available commercially 
by several data processing firms. To correct this ground function would 
place the government in direct competition with existing firms on existing 
products. Slow data delivery, on the other hand, is a low- graded ground 
function which, if eorreeted, would help everyone. The lack of stereo 
coverage is the most down-graded satellite function listed in the table, 
and stereo will not be included even on Landsat follow-on. 

The mid-day coverage of Landsat follow-on was raited approximately 
neutral for geologlGal remote sensing, because improvement in signal- 
to-noise (only partially due to mid-day coverage) was better received 
(average rating of +2,2) than the high sun angle (rated -0.5) was de- 
graded. Quite clearly, the most meaningful improvement in Landsat 
follow-on over previous Landsats is the improved 30 meter spatial re- 
solution (rated +2.5). Program continuity (no time gaps in data col- 
lection by Landsat l--type scanners) was surprisihgly high-rated (+2.1) 
by the panelists. It should also be noted that the addition of a 10.4 - 
12.5 ^m thermal channel on Landsat C was received rather cooly (rating 
of only +0.8), but that the addition of day— night coverage by the same 
channel received a high rating (+2.0). NASA should strongly consider 
adding day-nighit thermal Goverage to Landsat G. The new reflective IR 
band near 1.6 /Xm was rated highly (+1.7) on the average, but especially 
high (+3.0) by the minerals exploration subgroup. 
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As important an improvement as Landsat foUow-on promises to be for 
geology, the members of this Applications Survey Group felt it neces- 
sary that NASA be made aware of the shortcomings of all the planned 
Landsats for geological remote sensing. The second page of Table Ill-l 
lists some of the properties that are needed from satellite systems 
that are not available on any Landsat. The two highest- rated line 
items are better than 30 meter resolution and day- night thermal TR 
coverage at optimum times for making thermal Inertia measurements 
(when the day-night temperature differences are maximum, which are 
predawn and early afternoon for most eases). 

Next most important was stereo coverage, which might better be 
accomplished by an inexpensive satellite designed principally for 
stereo (low sun-angle, changeable orbits, one or two channels with 
excellent spatial resolution, etc). Of the new spectral regions 
that hold important new information for geological problems, radar 
was ranked highest, followed by a 2.0-2.Spm channel (in conjunction 
with a 1.5S-1.7S pm channel), and an 8. 2-9. 4 pm channel (in conjunction 
with a 10-12 pm channel). The radar channel would permit better 
structural analysis of tropical terrain and might even be an acceptable 
substitute for stereo if low depression angles and overlapping coverage 
were obtained at high spatial resolution. However, it probably would 
have to be borne by a satellite especially tailored for radar. The 
2. 0-2. 5 pm and 8. 2-9. 4 pm infrared channels, in conjunction with the 
1. 55 1.75 pm and 10-12 pm channels already provided by Landsat follow-on 
would provide significant new mineral, rock, and soil compositional 
information that simply cannot be obtained by Landsat follow-on in any 
other manner. Note that all three of these highly-rated channels are 
outside the wavelength regions that the eye or photographic film can 

Ctect.^ Hence, these data have a higher than average probability of 
performing totally new tasks . 

In summary, Landsat follow-on will be a marked 
. EEfivtoug Landsats in terms of solving geologic al problems wi th 
MhSing., though It is indeed unfortuna t e that we wl 11 have to wait ... 

IC hg- for this imp rovement. Landsat follow-on will not. however, meet 
many of the needs of geological remote sensing. As non-renewahl » 
£Cs aartes grow mono important every year on a wor7I:,Ce scale, tb. 
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need f og .a ne or niojire. s.aitelli.tes. -dedica tfid to geol.Q,glcal remo te, sens.lng 
becomes increasingly eompel ling . if the history of science teaches us 
anythihg, it shows us that new information breeds far more applications 
than those for which the information was sought. Because little ex- 
perimentation has been conducted applying the above desired satellite 
eharaGteristies to other scientific disciplihes, especially those 
involving vegetation, it would appear likely on a historical basis 
that satellites designed principally for geology would significantly 
improve remote sensing in several other disciplines, including those 
for which the Land sat series were "optimally" designed. 

Finally, NASA must bear in mind that one of the agency's major 
tasks outside of Earth resources would be greatly aided by the develop- 
ment of one or more satellites designed principally for geology, namely, 
extraterrestrial exploration. Unlike satellites designed principally 
for vegetation, geologicai satellites can yield significant information 
about Mars, Mercury, several planetary moons, and the asteroids. Thus, 
satellites de s i gn ed pr i mari 1 v for aeoloeical remote Sjensing would appear 
to be co st effective in overlapping both Earth resources a_nd_ extraterre.s- 
trlai exploration missions . 
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TABLE HI-1 

SUMMARY OF GROUP EVALUATIONS 


Good (Neutrali) Detrimental 

3210 - 1 - 2-3 
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CHAPTER IV 

KEY POINT SUMMARY FOR INLAND WATER RESOURCES 
A. KEY POINT SUMMARIES 

The purpose of this section is to summarize the key points raised in the 
detailed disGussions of the Inland Water Resources (Part 3) from the disei^ 
pline diseussion volume. As in that diseussion, issues in specific problan 
areas are treated suecessively. 

SnQwcQver and Runoff Foree.as,.tin,g 

Application of Current Landsat Prjo.grain 
. Preliminary investigations indicate that snoweovered 
areas have potential for use in an independent procedure for updating 
or correcting water supply forecasts as the snowmelt season progresses, 
as well as in some aspects of modeling snowmelt runoff. Snoweovered 
area from satellite imagery, however, constitutes only one source of 
input data for water supply forecasts and updating. 

. At present it is difficult to put a dollar value on 
usrng snowGover in runoff forecasting. However, the potential benefits 
in terms of more efficient use of water are of such magnitude that even 
a 1 or 2 percent improvement in the forecast schemes as a result of 
using satellite data should offset the costs involved in adding the 
satellite information to the forecast schemes. 

. An add-on benefit to the use of satellite imagery is 
in the area of being able to ascertain if farmers and ranGhers are 
indeed cutting back during low water years and adding on during big 
years . 

h» Anticipated Impact of Landsat follow-on 

. Rapid throughput of the satellite data to the USER is 
essential for operational snowcover mapping and snow runoff forecasting. 

The satellite data must be available to the forecasting agency within 
48-72 hours after satellite passage. It’s impossible right now to 
establish the value of having satellite data arrive quickly, but its 
value in forecasting becomes zero if delayed very long. 

. Nine-day coverage frequency may be adequate for routine 
snowcover observations in many areas of the western United States 
during the period of snow accumulation, but it is not adequate anywhere 
during the period of snow melt-off. If two or more cloudy days occur 
in a row at each nine -day pass during melt-off, then the satellite 
imagery has lost its value. 

. Landsat imagery probably has more than adequate resolu- 
tion for snow mapping, more accuracy in fact than an interpreter is 
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ea.pable of. So long as the imagery is operator-interpreted it remains 
interpretation dependent, and its aGcuraey is dependent upon the 
interpreter. But the high resolution of Landsat doesn't ’%urt" the 
snow mapping effort, 

. The addition of Band 5 (1, 55-^1. 75 mierometer wavelength) 
on the proposed thematic mapper should be valuable in helping to distin- 
guish between snow and clouds, or between snow and exposed ^rtiite rock. 

. Thermal imagery, to be provided by Band 6 (10.4-12.5 
mierometer wavelength), should provide a potential for determining 
portions of the snowpack that are melting. 

. Ghanging the equatorial crossing time to 11:00 am will 
have varying effects on snowcover determination. 

The build-up of excessive cloud cover over mountain areas 
is apt to be greater in mid-day than in the morning during the snowmelt 
season when snowcover observations ate the greatest value. 

. The lesser shadow effect of a mid-day vs. early morning 
crossing is not a significant factor, but could improve the determination 
of snow under trees . 




. The raid -day crossing will mean a more pronounced 
difference in rock temperature vs. snow temperature, which may provide 
more contrast in Bands 5 and 6 of the thematic mapper. 

. Also, snowmelt will be more advanced at mid-day and 
perhaps easier to detect. 

. The lower orbit and higher power of the Landsat follow-on 
would not have a significant effect on determining snowc^'ver, other than 
each RBV frame would cover less area (182.4 X 98.2 km vs, 185 X 185 km of 
Landsat i and 2), and the grain of enlargements may be better, 
e. Gjpn ti nu in>g Issues 

. A quick-look option in the throughput system would be a 
great advantage in forecasting runoff. 

. Besides snowcover, though, it would be desirable if 
auxiliary instrumentation aboard the satellite could record '*some thing" 
(smch as albedo, or attenmatloo of eleGtromagoetie energy) whioh relates 
to water content of the snowpaek. 
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2. Hydro iQgi-C Impact of Gonifferjous F Ghan^^es 

. The proposed Land sat follow^^on parameters are apparently 
designed to obtain the maximum information possible on forest vegetation 
and snow. Aeeordingiy, they would find direct application in describing 
many key features of the hydrologic processes. There is currently a 
need for information of the type which will be available from Lands at 
follow-on in water resource problems associated with forest management. 

At least one federal agency is utilizing remote sensing procedures in 
assessing the multi-resouree impacts of forest cover changes , There are 
large sums of money being spent on these activities. Moreover, these 
activities will continue to have an ever expanding role in day-to-day 
operations . 

3. Soi l, Mols tur e 

Remote sensing of soil moisture has and will continue to have a 
high relative benefit. 

. At the present time there does not aippear to be a sa tel- 
lite system capable of collecting all the soil-i-mois ture data desired. 
However, the Landsat G and follow-on programs with the thermal band will 
give tremendous advantages . Even with this the major limita tion in any 
operational system appears to be the lack of ability to "see through" 
the vegetation. The vegetation problems should receive research 
attention to help meet operation requirements. 

. Attention should be given to the various estimation 
techniques so that these can complement the satellite obtainable informa- 
tion. Similarly, some reliance should be placed on satellites other 
than the Landsat series --if they have instrumentation that would comple- 
ment the soil-moisture program, then it should be used insofar as possible. 

. All possible sources of information should be utilized 
to help solve a problem such as remote sensing oC soil moisture rather 
than attempting to combine all requisite elements into one package. 

4. Groundwater 

App.l legation of Gurrent Lan-dsat Program 

. Landsat data presently is being used to detect litho- 
logies and structures favorable for groundwater occurrence, to delineate 
at least parts of the limits of aquifers, and to obtain information on 
the operation of aquifers. 
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. About eight Federal Bureaus, 20 State geologieal-survey 
or water resouree agencies, 30 universities, and several consulting- 
engineering firms are using Landsat data for the study of problems 
involving or impacting groundwater problems and resources. The use of 
Landsat data for groundwater studies is increasing, but this use 
presently involves a relatively low level of effort. 

, Total present use of Landsat data for subsurface water 
problems is estimated at 10 man years per year. In ordtr to properly 
utilize the information content of Landsat data in groundwater studies 
that are underway at the present time, this effort would have to increase 
to about 30 man years per year. 

. The main reasons for a reluctance to fully utilize Land- 
sat data are (1) psychological , (2) lack of adequate training, (3) 

Ixmited availability of digital processing, and perhaps (4) high costs 
of digital processing. 

. In the Western United States, most groundwater recharge 
comes from melting of the mountain snowpacks in the spring months. The 
blooming desert at this time of year reflects the relatively high soil 
moisture conditions, vdiieh accompany the recharge process. The rapidly 
growing and relatively dense stands of vegetation produce subtle but 
distinctive hues on color composite Landsat images. 

b. Anticipated Impact of Landsat follow-on 

. More detailed interpre ta tious of tones, textures, and 
patterns of vegetation and soils. Detection of numerous smaller patterns. 
Development of more information on the signif icanee of the patterns for 
groundwater occurrence, recharge, diseharge, and water use. 

If sun illumination angles are equal, detection of more 
topographic detail, detection of smaller and more numerous geologic 
structures, and detection of many more hydrologlea lly significant 
land forms . 

. Detection of more detail in snowmelt and soil moisture 
patterns. Detection of more hydro logiea lly significant features in 
these patterns. 

. Detection of smaller lakes and ponds and more patterns 
formed by shapes and alinements. More accurate measurements of water 
area and a better understanding of aquifer recharge. 


J 


IV-4 


33*803, VoZ. I 


. Delineation of water in small streams in headwater 
areas and loeation of more areas of aquifer discharge . 

. Deteetion of more and smaller lineaments. More poten- 
tial locations for large well yields in consolidated rock terrains. A 
better understanding of the patterns formed by dominant lineamentSj trends , 
and by intersecting lineaments. 

. A better definition of Lirainage patterns, of the geo- 
logic structures indicated by these patterns, and of the hydrologic 
significance of the patterns. 

. More accurate measurements of drainage density and 
thus of surface permeabilities in unmapped areas, 

. Easier detection and classification of drainage textures 
in arid regions . 

. More accurate measurements of stream^ channel width and 
thus better loca tions of reaches of s tr earns where aquifer discharge 
oeeurs . 

. A more accurate determination of the types of outcrop- 
ping rocks and a more accurate interpretation of the water-bearing 
charaeteristies of the rocks. 

. A more accurate determination of crop type and thus 
better estimates of water use and water needs, 

. Detail by Which hydro logically significant surface 
features can be distinguished more easily from those that are not 
significant . 

. A better definition of aquifer limits and a better 
understanding of aquifer operations. 

. A greater variety of formats for manual interpretation. 

. Improving the capabilities and results of digital 

processing. 

. An additional impetus to the trend for digital processing. 

The high resolution thermal infrared band 6 on the 
thematic mapper should provide information on rock types and soil moisture 
patterns . 

. The higher s un -e leva t ion angles of Lands at follow-on will 
produce less enhancement of landforms, the interpretations of which have 
a relatively high degree of confidence for groundwater information. 
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. An increase in coverage frequency will increase fehe 
chances of obtaining good quality, cloud-free Landsat images at times 
that are important for groundwater interpretations. Also, it will 
shorten the time needed to obtain a sequence of Landsat scenes showing 
emerging and developing patterns of vegetation and soil moisture. 

. About 175 man years per year at a cost of $7 million 
are spent on the inventory and management of underground aquifers. 

. The costs of using data from Landsats 1 and 2 are 
estimated at 10 man years per year and 0.4 million dollars; the 
benefits resulting from this use are estimated at $1 million. Thus 
the present level of effort results in a net cost savings of $.6 
million per year, 

. Costs of using Landsat data (including data from Land- 
sat follow-on)are expected to increase to $0.8 million (at 1976 costs) 
by 1985. Benefits should inerease to about $2.5 million. Cost/bcnefit 
ratios will be higher than this for about two years after launch of 

Landsat follow-on, however, as scientists learn to use these new data 
efficiently , 


. Remote sensLtig generally will not provide the information 
on subsurface water supply that is needed for watershed modeling and 
systems management; the only exception is the detection and delineation 
of some aquifer limits, which also form model limits. 

Lajhe and, Re s e r vo_i r Msipp ing 


s 3;.i .G.a t i on_ . o.f Gurr ent Land sa t .Pro gram 

. Studies in the Northern Great Plains on assessing the 
volume of stored water in prairie pothole lakes have found that lake 
areas could be used to account for up to 89% of the variation in lake 
water volume in the shallow prairie lakes. Therefore, an assessment of 
stored water volume with time is feasible using remote observations of 


area , 
dent 


As the trophic status of these prairie lakes is primarily depen- 
on the depths, the ability to assess the potential of eutrophication 


is at hand. 


. A study of the prairie pothole lakes iei South Bakota 
usinig visual iBlurpretation which employs the additional advantage of 
interpreting photographic textural and pattern properties found that 
recognition of non-vegetated lakes 1.5 hectares (3.7 acres) and larger 
could be accomplished at 100% accuracy. 
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. Even With the partial pixel approach applied In a stag- 
nam ice region of Norfh Dafcota , only 14 to 18.5 percent of the total 
ponds and lakes were recorded because of the large numbers of small 
ponds which were not detected. 

. Various water resources agencies have the need for 
total-area inventories. but in the Great Plains Region the existing 
Landsat capaibilities are not suitable for She inventory purposes. 

AntielBo ted, jimnaet of Landnat gellow-on 

. The proposed spectral bands with shorter wavelength 
intervals should be more specific for discrimination of substances 
suspended in water. Presently, suspended particulate matter can be 
detected. However, there is little prediction capability as to its 
composition. The 0.4S-0.52|am spectral region because of its penetra- 
tion potential will provide an advantage for monitoring lakes and 
reservoirs . 

. Sensitivity to depth variations should also be improved 
due to the higher incoming radiance associated with the higher sun 
angles at the time of data acquisition. Bathymetric mapping has been 
effectively demonstrated in clear waters using the existing sensor 
capability and this improved capability will be of importance. 

. me instantaneous field of view (IFOV) of the Landsat 
follow-on at =30m will perhaps be of the greatest advantage for use in 
and reservoir operations. The existing system p.rovides reliable 
information for recognition and quantitative measurements for large 
lakes but is limited for small lakes, me IFOV of the present lends.it 
system in terms of ground coverage is approximately 0.45 hectares (1.1 
acres), me minimum possible dimensions which should always be detec- 
table are twice the directional ground coverage or would correspond to 
the area covered by four pixels (->2.8 hectares or 4.4 acres), me 
Laudsat follow-on IFOV in terms of ground coverage is =<0.09 hectares 

(0.22 acres), me minimum detectable area would be 0.36 hectares (0.88 
acres ) . 

. Increased resolution is required before operational 
surveys can be reliably conducted. The small lakes because of their 
numbers and physical characteristics in many regions are of importance, 
me Landsat follow-on will provide thfs required spatial resolution. 


. Latke b a thyme trie mapping in any but elear waters, even 
in the better speetral window, will probably not supply these maps 
except for near-shore areas. However, for the location of sedimentation 
patterns, these near-shore regions are of greatest importa'nee. In 
addition, the improved spatial resolution will allow the updating of 
shoreline contours as the gua-ge of the reservoir fluctuates. 

As with any developing tool, a considerable time lag 
exists between the development of the technology and its actual use 
and implementation. These time lags especially oceur with local users 
in contrast to the large, we 11- structured users. The Army Corps of 
Engineers use of Lands at data for the national dam inspection urogram 
is perhaps the best illustration of a large-ef fox-t , coordinated use of 
the technology. The local water development board c water resources 
agency will, in general, eonsideraibly lag behind in time for the opera- 
tional use. These small ageneies may use traditional aerial photography 
at great expense for resources assessments which could be easily and 
less expensively conducted using space -acquired data. Many reasons for 
this may exist. The education in uses and effective procedures may be 
the most crucial deficiency. Th;e complications involved in maintaining 
the technological pace of the space program and its investigation products 
are too demanding for small organizations. This definition of small 
organizations may even traverse into state governmental agencies. The 
illustrative uses to the public generally also involve very complex 
data analyses systems which are not generally availahle and which may, 
for certain applications, be cost prohibitive for the smaller agency. 

When these users have avaiiable the normal interpretative products 
provided with the existing Landsat program, they are at scales and 
resolutions uncornmon to the interpreter . The pa t terns easily recognized 
on the traditional aerial photography of high resolution may now be 
textural variations or tonal variations or may be non-existent on the 
sa telli te imagery . The synoptic view, multispeetral da ta , repetitive 
coverage, and other desirable eharacteristies may be overlooked. There- 
fore, an increase in resolution of the sa telli te sys tern as proposed in 
Landsat follow-on will definitely increase the user aeceptance in their 
normal oparati.^nal programs. 


E-Bl’RODUCIBlLri Y O’- *’•>! 
OEI.ilNAL PAt’.V. IS 


IV-8 


" "'■ " V 


33-803, Vol. I 

6# WafeeE Quality 

a, ApRli.e.a,tljp.n p_£ C.U!rr_enJ;__Laih!d:sat PrQgiram 

. Many investigators have demonstrated that it is possible 
to estimate Seeehi disc transparenGy using the Landsat MSS data. 

. Landsat eaa be utilized to measure water quality by 
measuring the eoneentra tioh of suspended solids in water. It has been 
shown that Landsat MSS data can be used to estimate suspended sediments 
in Kansas reservoirs with a 67%. con fide nee interval of aGeuraGy of 12 
parts per million (ppm) over the range of 0-80 ppm and 35 ppm over the 
range 0-900 ppm. 

. It is apparent from the findings of many Landsat inves- 
tigators that the deteetion of large turbidity plumes and turbidity 
related patterns in laskes is easily aeeomplished using MSS imagery. 

. The deteetion of algal blooms is a straightforward pro- 
cedure with Landsat MSS data. 

In lakes where inorganie sediments have not masked the presence of 
ehlorophyll, it has been possible to show a good correlation betweer 
MSS data and chlorophyll a. 

The feasibility of classifying lakes aeeording to trophic 
state has been demonstrated by several investiga ters . 

. The Landsat MSS bands are optimized for land studies. 

The energy return from water is very low and although the four bands 
contain information which is related to water phenomena, it is in a 
very small range of digital number levels. 

. The time between satellite flyover and receipt of the 
MSS data by the user is another problem area. In many cases, data 
processors have to wait for many weeks and even several months for the 
CGTs , The long turn-around time hinders lake researchers and discourages 
resource managers . 

b. Ant ieipafe^ Imp^ac t, pf LandiS.a _t f_o 1 Ijow - on 

The improved spatial resolution of the TM will permit 
the more accurate mapping of turbidity plumes, demarcation of shorelines, 
plotting of currents, and deiineation of large beds of aquatic macro- 
phytes. It is enticipated the smaller pixel size will result in the 
inclusion of small lakes into survey programs . 
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■ seleeelon Is an improvement and should permit 

le irrt^^ ° 7 ^-^eters sueh as ehloroph.U .he addition oi 

w.r. h/piZh "t ^ ' am)T'T " 

> ^ ^•. ( 975) has shown the value the blue in water- 
re ated studies. However, it is likely atmospheric effects will be 
severe and that corrective measures will have to be taken. The thermal 
. 1..S00 nanometers) will be of value in the determination 
e sur ac_ temperatures; however, it will be less effective in 
monitoring lake thermal plumes because of its 120 meter resolution. 

. ^ increase of quantiaation levels from 127 to 256 may 

■e o value if this means that the dynamic range of the sensor has 
aetuaily been inere.tsed. 

foil u ’ from the Landsat 

nw-on than from Landsat 1 and 2 if MSA reduces significantly the 

time delay between data acquisition by the satellite and receipt by the 
users , ^ 

■ two satellites so as to provide repeti- 

verage on a 9-day basis is an improvement over the 18-day single 

.. .. 

l‘rG>rn the tandem Landsat 1 Ta.nHcaj- 9 

i. Landsat 2 coverage, temporal coverage of 

the lacusrrine resources will still be fragmentary. 

• Still another problem is that of sun glint. If the 
projected equatorial cross-over time of 11 ;O 0 a™ 

IS likely to make the satellite of ....i 

littln value in water quality related 

»ork. Mater quality depends highly upon volume reflectance which in 

this case Will be masked by the specular reflection (sun glint). 

7 . Laike Lee 

tepllcation. of Gurr ent. Landsat Provrani 

. Landsat 1 MSS bands 5 and 7 have been used to Identify 
melting snow. Similarly, Landsat 1 MSS images over Lake Erie were 
examined for melting ice. The ice field in band 5 exhibits a highly 
ting but lacy appearance resulting from many thaw holes a 

deteriorating under warm tempera- 

features have been tentatively identi- 
f.eu from Landsat 1 MSS images of Lake Erie and Lake Ontario (hL tha^ 
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groufid truth is not available for verifiGa tion) : Shuga , light and dark 

nilas, fast ice, icefoot, iee brereia, brash ice fracturing, ridging, 
rafting, sastrugi, thaw holes , rotten ice, ice floes, dried ice puddles, 
hununoeked ice and leads. 

. The best techinique now available for ice study is a 
CO m b ina t i on of La nd s a t da ta , th e current NOAA o p e r a t io na 1 e n v ir onm en ta 1 
satellite, and aerial reGonnaissance using SLAR and short pulse radar. 

. for monitoring iee conditions, Landsat I's 18-day 
revisit cycle again presents problems as iee formation, movement, and 
breakup may all take place within a very short time, thus possibly go 
totally unrecorded by the Landsat 1 sensors. 

b. AntlfeiP-^ l-6jd Impact of Landsat f oIIo.w-gt -! 

. The 9 -day revisit cycle will be a great improvement over 
the previous cycle . 

. Landsat follow-on, with its much improved spatial 
resolution and the increased spectral response of the thematic mapper 
will generally improve monitoring distribution of ice on the Great 
Lakes and in the identification of the condition of the iee. 

The more rapid turn-around time associated with the 
Landsat follow-on output will facilitate the use of the data by shippers 
and improve the predictions of ice build np and movement. 

. The liandsat follow-on data, with increased spectral 
response and improved spatial resolution , will be used for Lake Ice 
monitoring for inpu t into the Na viga tion Season Extension Program . 

Landsat follow-on will not eliminate the need for con- 
ventional monitoring techniques, but it will, when available, provide a 
regional assessment of ice conditions, at a much lower cost than conven- 
tional methods. A comprehensive lake iee monitoring program must utilize 
several means of monitoring data collection and analyses ineluding 
airborne SLAR, short pulse radar, NOAA environmental sa tellite, VF jRR data, 
and Landsat data. 

. No single tool would be of more value to ice forecasters 
than a quick- look Landsat image of the Great Labes, especially if it 
could be available much more frequently than every 18 days. 
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8. Sediment 

a. Ap-P ligation of Gurrent Landsat Program 

. The multispeetral seanneT (MSS) imagery provided by 
Landsat 1 which has a ground resolution of about 70 meters is highly 
useful. 


. Qualitative desGriptions of surface currents near river 
mouths can be derived from Landsat bands 1 and 2 from the shapes, suc- 
cessively observed at various tidal stages, of river plumes where 
fresh water enters an inlet. 


. Dredging and harbor maintenance are continually required 
in all major harbors. As many as 5,000 man years may be involved at a 
total annual cost of as much as $0,2 billion per year. It is eonceivable 
that savings of $2 million per year could be achieved by improvements in 
selecting dumping sites and in defining sediment sources from satellite 
imagery of sufficient quality. 

b. Anti cip-a ted Imp.act of Landsat follow-on 

. Regional analysis of tidal flats is quickly and conve- 
niently accomplished by comparing bands 4 and 7. Detailed analysis is 
limited by the 70 meter resolution. Improved resolution will greatly 
increase the usefulness of the Landsat MSS imagery for this purpose; at 
least one meter resolution is needed. 

. The spectral bands available are sufficient for needs 
at present insofar as sediment detection is concerned . Refinement will 
depend upon detailed comparisons and research during the next five to 
ten years to recognize the relationship between sediment types and their 
spectral signatures. 

The Landsat C MSS imaging device is identical to that on 
the two preceding vehicles except for a fifth spectral channel covering 
the thermal IR (10.4-12.6 microns). Resolution of this band, however, 
is expected to be about 200 meters, about three times poorer than that 
of the other four channels. Nevertheless, this band is expected to be 
very useful. It should aid in defining and characterizing water masses, 
confirming and extending the interpretations that have been described 
as possible from bands 1 and 2, 

. Taken in the aggregate, the improvement over Landsat 1 
and 2 offered by Landsat G and Landsat follow-on for this application 
is insignificant except for the addition of the thermal IR channel. The 
increment of improvement represented by this addition is unknown and, I 
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believe, eannot be very well estimatted at this time. It is unlikely 
to sign! f lean tly affect any of the activities associated with removal 
and control of sediment and sedimentation, respectively. However, the 
potential for improving the management of fisheries may be great, 
e. Gentinuing Issues 

. Improve the provision for technology transfer within 
user agencies and organizations, and to the institutions from NASA. 

. Additional research and developmeht is required to 
facilitate the use of the required imagery in digital form, bypassing 
as much as possible the necessity for hard copy prints as the format of 
choice . 

. Research is needed to develop and optimize the imaging 
processing and enhancement techniques required for this aipplieation. 

This includes the development of algorithms and numerical models that 
can accept the data on sediment. 

9. Estuarine Dynamics 

a . Ant i c.ip.a t ed Imna c t o f Land s,a t f q 1 lo w -on 

. Modeling of all the nation's estuaries has never been 
done, and Landsat follow-on alone will not be aible to meet the task. 

It will, however, permit synoptic coverage of the estuaries so that 
na tur a 1 tracer s such a s s edimen t , tur b id i ty , foam and debr is lines , and - - 
at last- -120 m thermal maipping, will provide details of estuarine cir- 
culation, and surface salinity charting (where thermal/salinity relations 
permit) . 

. It may be possible to eharaeterize the estuaries by 
sal ini ty s true tur e us ing La nd s at f o 1 low- on d a ta , e . g , , 

(a) the highly stratified estuaries, salt-wedge type, 

(b) the highly stratified estuaries, fjord type, 

(c) the partially mixed estuary, 

(d) the vertically homogeneous estuary 

. With the presently proposed orbital crossing time (11:00 
am) suii glint will negate the blue band's increased penetrating 
ability (on the TM) as the glint will "overpower" the sensor. Only 
surface phenomena will be observable most of the time. This problem 
will be disastrous to the wacer resources community. Unless it is 
changed , th is one problem will obvia te the ‘I’M for mos t es tuar ine re- 
search (other than surface effects) . 
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. The improvement over prior satellite sensors will lie 
chiefly wl* the improved resolution (120 m) in the thermal ehannel. 
Though this resolution is important in the quest for baste data on 
estuarine dynamies , the thermal data represent only a partial, interim 
step" toward the goal of aoeurate numerieal modeling of B. S. estuaries. 

0s e of the TM thermal and visible ehannels will save 
money, ehiefly by permitting the Installation of in-situ instruments in 
Jh.q ep.t.imum lfls-acle.n. This is espeeially true of ourrent meters and 
temperature/salinity measurements. Ground truth will be required and 
will suipplemenfe the satellite data. 

. The generalized eirculation dynamies of all moderately 
sized estuaries can probably be eharted by MSS and TM data. It is in 
the national interest to do so. If sueeessful, it would represent a 
savings of at least 5 years and $2-5 million over the cost of a preli- 
minary ground survey of these estuaries. 

Additional res ear eh a*nd faeilities would be helpful in 
the area of estuarine research to angment the Landsat follow-on data. 
State coastal zone institutes would be a*ble to handle the effort with 
modest expansion. The primary Federal research effort would include 

interests of NASA, Interior, NOAA, Navy and Coast Guard interest, at 
leas t . 

10- It^dated Areas and Shorelines 

^ P-P X i- t-3 -t ion _o_f G_ur r eii t , La jndiS_a. t Pr o g r.a m 

. During recent years, satellite data have been used to 
delineate inundated areas. 

. The main problems eoncern low resolution, timing of the 
flood event with a satellite overpass , and overhead clouds. 

. The present delineation of flooded areas, based upon 
Landsat 1 and 2 data, probably would provide products of somewhat 
similar purpose to that of the "flood^prone maps.’' The delineations 
using Landsat data generally have been at 1:250,000 scale, although 
other (Smaller and larger) scales have been used. 

b. Antic Ipa ted Imp_a_ct of Landsat foll_ow-on 

. The spectral data of the thematic mapper planned for the 
Landsat follow-on mission should be a big improvement over the Landsat 1, 

2 and C systems with respect to spectral selection and spectral and 
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spatial resolutlOB. Ihe 1.5S to 1.7Sp;n and 10.40 do 12.S0p,n. bands 
should provide additional information useful to identify the boundary 
of water- land interfaces. 

. The 30 meter ground resolution of the Landsat thematic 
mapper (120 m for the thermal band) should provide the basis for a map 
produced at an accuracy comparaible to flood-prone maps. 

. The problems of cloud cover and vegetative overstory 
may interfere with the delineation of certain floods and stream reaches, 
respectively. Thus, the application of Landsat to provide a basis for 
delineating flood-prone areas appears feasible but the random nature of 
floods as to timing and location may mean that it will take many years 
to complete a national progrim. 

The delineation of flooding areas from Landsat follow-on 
data probably will be a hit-or-miss process, except for conditions of 
broad area floods such as those resulting from hurricanes, 
e, Gpntlnuipg I_s_sues 

It may be advisa-ble to reconsider the proposal of the 
11;00 am equator crossing time to assure that the data will not be 
affected by solar specular reflection during midsummer. 

. An effort should be made to quickly process the data 
for field use to aid in disaster relief and permit easy field verifica- 
tion of the delineated areas of inundation. High water marks deteriorate 
quickly with time. 

. Although Landsat data are available at relatively low 
cost, there are problems (time, money, and equipment) of reducing the 
data into quantitatively meaningful products. For example, the reformat- 
ting of digital tapes to obtain accurate geometric positioning for tem- 
poral comparison of picture elements is time consuming and costly. 

Also, the equipment needed to process those digitized data are not 
readily available to most investigators and are expensive to use. The 
development of remote sensing technology into operational programs 
prouably is constrained because users may have difficulty processing 
the data. 

11 • River Forecasts 

Because of the "real-time*’ mode required for the operation of a 
river forecast center, the survey type of data available by remote 
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sensing is of a signifieantly iesser aeeuraey than that which is 
eeonomieally necessary in consideration of potential damages from 
flood circumstances or the use of water as a valuahle resource. 

^2, Data Gommunicatxons System 

. in cooperation with NASA, the New England Division of 
the bsAGE has constructed a ground receiving station at Waltham for 
direct data acquisition from the satellite. This will remove all 
ground transmission problems that can occur with teletype relay between 
NASA and Waltham (teletype relay suffers a 45 minute time lag between 
the initial data measurement and data reception at control center). 

The system is under operational condition. 

. The Jacksonville District, in eoopera.tion with the 
DSGS, has been receiving Landsat relay hydrologic data for almost 3 
years from 9 different locations in central and southern Florida. 

. the launching of NOAA's Geostacionary Operational 
Environmental Satellite (GOES) makes both periodic and real-time data 
transmission closer to reality. At present, the Lower Mississippi 
Valley and North Pacific Division are planning to undertake experiments 
3-n relaying hydro logic data using the GOES system. 

. The investigations indicate that costs for data relay 
by satellite can be less than those for ground-based systems. For 
example, the Nr- England Division’s ground-based Automatic Hydrologic 
Radio Reporting Network had an initial cost per' station in 1969-70 of 
$20,000. iHis includes all equipment for the total system (i.e., 
transmitters, antennas, 4 relays, 12 repeaters and the central control 
facility With an IBM 1130 computer for data readout and processing). 

The division estimates the initial cost of an operational orbiting 
satellite data collection system to be between $5,000 and $ 10,000 per 
data collection platform location. This figure is based on 2 satel- 
lites, 10 ground receiving stations and 2,000 platforms nationwide. 

The cost per platform would be lower if more were installed. Gost 
estimates are not yet available for a GOES system. 

. A questionnaire sent to all Corps offices in July 1973 
found that, over the next 5 years, nearly 4,500 data collection loca- 
tions will be, needed Gorps-wide for the relay of hydrologic Information 
for water management activities. 
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S fcreainf.l.o.w Modeling 

a. fclQa. of Current LanicisLa t . program 

. An experiment with Landsat data (Blanehard, 1975) has 
shown that the eoeffieient for the simple empirical watershed runoff 
model used by the soil conservation service can be estimated by using 
reflectance of visible and near-infrated light from the watershed 
surface . 

. The Giassifica tion of surface reflectance using Landsat 
data has been used to identify and map the impervious areas within a 
wa tershed . 

. Another approach to hydrologic modeling involves predic- 
tion schemes based on the physical dimensions of watershed eharaeteris- 
rics. Such measurements as stream length, stream channel classification, 
and length-to^width ratio of the drainage area can more readily be 
acquired from multispee tra 1 scanner da ta when large areas are involved , 

In most instances, these measurements can he made. 

Anticipated Impact of Landsat fcLll.ow-on 
. Development of new applications of remote sensing in 
water resources models should increase rapidly with the increasing 
availability of data and training of personnel. 

. Gonstant development and testing will allow the full 
benefits from the addition of spectral bands, the assurance of available 
temporal data and concurrent improvement in mathematical modeling. 

. The current resolution of Landsat is adequate for use 
in watershed planning where empirical equations are used. The improved 
res o lu cion and band wave length of the thema tie mapper is likely to 
increase the va lue of class if ica tion schemes and will therefore open 
opportunities to measure variables for the more complex studies. 

14, tilrban Hyjdjrolo.gy 

Application ci Gurrent Landsat Pr_o,gram 
. It is estimated that $27,580,000.00 is expended an- 
nually on inventory and parameter estimate studies associated with urban 
water resources development. It is estimated that this figure could be 
reduced to approximately $8,000,000.00 by shifting from conventiona] to 
Landsa t technolGgy . 
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. Studies Gondueted with the SGS Model^ using 
delineations obtained from aircraft, eompare very well with those 


obtained from Landsat using an abbreviated land use ta-ble. 

. Landsat is now being used in a number of 208 studies 
which are developed for determining non- point sources of pollution 
in urbanized areas. 


. A major limitation in the use ©f Landsat data Is the 
lack of geometriG agreement with map scales and a difficulty in deter- 
mining the position of a Landsat element on the ground. 

^ • Antici pated impact of, Landsat f o l.l.o.w- on 

. The 30 meter resolution will allow some utilization 
of air photo interpretation techniques of the hardcopy products for 
some of the urban hydrologic tasks. 

. The geometric corrections that will be included in the 
product will be extremely important in urban hydrologic problem.s . The 
current problems associated with skew and distortion make it extremely 
difficult to interface Landsat data with other informa tioi. r'^quired 
in hydrologic studies. By overlaying the Landsat products onto topo- 
graphic maps, it will be much easier to develop parameter estimates 
for models and to develop inventory studies. 

. The inclusion of a thermal band, even though the resolu 
tion is in the vicinity of 120 meters, will do a great deal in reducing 
the confusion between classes. For example, the thermal band should 
easily discriminate between a shopping center and a large area of bare 
soil. The same is true with the shadow effect in urban complexes 
creating a confusion with water in the current Landsat package. It is 
believed that the thermal capability will be a very important factor 
in discriminating between natural features and those developed by man. 
e, Cont i nuing Is s ue s 

. Presently, many potential users find that machine 
processing capabilities are presently available at only a few locations. 
Systems that can be operated by .lonsultants or agencies from the remote 
terminals that they presently use to access a general purpose computer 
net would aid in the utility of Landsat data. 

. More work needs to be done on developing the mechanics 
for efficient interfacing with auxiliary data needed for water resource 
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studies. The eorreetion of the geometries will go far in alleviating 
this problem. Still, the large quantity of data involved and the need 
for multi-layered random aeeess storage enGompasses problems that the 
routine programmer with a small organization eannot handle. It would 
probably be a good idea for NASA to develop and distribute the software 
to accomplish this interfacing function, 

, Most of the models used to estimate the quantity or 
quality of water were developed long before the launching of Landsat. 
The parameters were designed to be derived from readily available data. 
Generally this readily available data centers on topograiphie maps. 

Much of the data required as input to these existing models eannot be 
defined even with Land sat follow-on. Since there is nothing sacred 
about the parameters of these existing models, there is no reason that 
alternate parameters eannot be developed that could be identified with 
Landsat. It is important that extensive research be undertaken to 
develop such models. 

The numerous municipal and 3069 county governments who 
administer most of the $12 billion dollar annual expenditure on urban 
water resources constitute a large potential user of Landsat data. 

Still, most of these governmental organizations probably spend less 
than $3,000.00 per year for their inventory and parameter estimating 
responsibilities that could be aeeomplished on Landsat. Thus, it is 
not very attractive for thevi to train personnel, visit browse centers, 
screen Landsat scenes, and purchase taipes as part of an alternate 
effort to accomplish their responsibilities. Thus, the establishment 
of regional, or perhaps state, centers that would routinely classify 
the land cover withi.. their jurisdictions should be considered. In 
this way, the smaller governmental organizations could simply request 
information within a watershed boundary, census tract, or other geo- 
graiphie area. The potential annual saving by shifting from traditional 
to Landsat cover and parameter estimating approaches eannot be achieved 
unless there is some attractive mechanism by which the Iceal governments 
can participate. 

B. CONTINUING ISSUES 

There have been important advancements in remote sensing technology 
luring the past 10 years. Although Landsat data are available at 
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relatively low cost, there are problems (time, money, and equipment) 
of reducing the data quantitatively leading to the production of 
meaningful products. For enample, the reformatting of digital tapes 
to obtain accurate geometric positioning for temporal comparlaon of 
Pieture elements la time consuming and costly. Also the equioment 
needed to process those digitized data Is not readily available to 
most investigators and is expensive to use. The development of remote 
tensing technology into operational programs probahly is constrained 
because users may have difficulty proeessing the data. 

As with any developing tool, a considerable time lag exists between 
the development of the technology and its actual use and implementation. 
These time lags especially occur with local users in contrast to the 
large, well-structured users. The Army Corps of Engineers use of 
Landsat data for the national dam inspection program is, perhaps, the 
best illustration of a large-effort, coordinated use of the technology. 
The local water development board or water resources agency will, in 
general, conslderaibly lag behind in time for the operational use. These 
agencies may use traditional aerial photography at great expense for 
resource assessments which could be easily and less expensively conducted 
ustng space-acquired data. Many reasons for this may exist. The educa- 
tion in uses and effective procedures may be the most crucial deflcieicy. 
me Illustrative uses to the public generally also Involve very complex ’ 
data analyses systems which are not generally available and which may, 
for certain applications, be cost prohibitive for the smaller agency. 

The complications Involved in maintaining the technological pace of the 
space program and its investigation products are too demanding for small 
organizations. This definition Of small organizations may even extend 
Into state governitiental agencies. 

Most of these governmental organizations probably spend less than 
$3,000 per year for their inventory and parameter estimating responsi- 
bilities that could be accomplished with Landsat data. Thus, it is not 
very attractive for them to train personnel, visit browse centers, 
screen Landsat scenes, and purchase tapes as part of an alternate effort 
to accomplish their responsibilities, ll.as, one alternative might be 
regional or state centers that would routinely er on request classify 
the land cover within their jurisdictions. In this way, the smaller 
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governmental organizations could simply request information within a 
watershed boundary, census tract, or other geographic area. Such cen^ 
ters could also be responsible for short courses and other training 
missions in the uses of Landsat technology. 

1, Snowcover and _ Runoff Forecast ing 

. A quick-look option in the throughput system would be a great 
advantage in forecasting runoff. 

. Besides snowcover, it would be desirable If auxiliary instru- 
mentation aboard the satellite could record "something" (such as albedo, 
or attenuation of electromagnetic energy) which relates to water content 
of the snowpack. 

2, Forest Cover 

. More work on models will be justified with the new data. 

3, Soil Moisture 

. At the present time there does not appear to be a satellite 
system capable of collecting all the soil-^moisture data desired. However, 
the Landsat G and follow-on programs with the thermal band will give tre- 
mendous advantages. Even with this the major limitation in any operational 
system appears to be the lack of ability to "see through" the vegetation. 
The vegetation problems should receive research attention to help meet 
op er a t io nal r eq uir emen t s . 

. Attention should be given to the various estimation techniques 
so that these can complement the satellite obtainable information. Sim- 
ilarly, some reliance should be placed on satellites other than the Land- 
sat series if they have instrumentation that would complement the 
soil-moisture program — then it should be used insofar as possible. 

. All possible sources of information should be utilized to help 
solve a problem such as remote sensing of soil moisture rather than at- 
tempting to combine all requisite elements into one package. 

4, Groundwater 

. Remote sensing generally will not provide the information on 
subsurface water supply that is needed for watershed modeling and systems 
management; the only exception is the detection and delineation of some 
aquifer limits, which also form model '^imits. 

. The main reasons for a reluctance to fully utilize Landsat 
data are (1) psychological, (2) lack of adequate training, (3) limited 
availability of digital processing, and perhaps (4) high costs of digital 

Drocessing, 
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9, Esfejuarlne Dynamics 

Modeling of all the nation’s estuaries has never been done, 
and Landsat follow-on will not be able to meet the task. It will, how- 
ever, permit synoptic coverage of the estuaries so that natural tracers 
such as sediment, turbidity, foam and debris lines, and at last 
120 ra thermal mapping, will provide details of estuarine Girculation, and 
surfaGe salinity charting (where thermal/salinity relations permit). 

Inunda ted Areas and Shor elines 

. Although Landsat daita are available at relatively low cosr:, 
there are problems (timt, money, and equipment) of reducing the data 
quantitatively leading to the production of meaningful products. For 
example, the reformatting of digital tapes to obtain accurate geometric 
positioning for temporal comparison of picture elements is time consum- 
ing and costly. Also, the equipment needed to process those digitized 
data are not readily available to most investigators and are expensive 
to use. The development of remote sensing technology into operational 
programs probably is constrained because users may have difficulty pro- 
cessing the data, 

. It may be advisable to reconsider the change to the 11:00 am 
equator crossing time to assure that the data will not be affected by 
solar specular reflection during midsiunmer. 

. An effort should be made to quickly process the data for field 
use to aid in disaster relief and permit easy field verification of the 
delineated areas of inundation. High water marks deteriorate quickly 
with time. 

11. Rt-reamflow Modeling 

. Development of new applications of remote sensing in water 
resource models should increase rapidly with the increasing availability 

of data and training of personnel. 

. Gonstant development and testing will be necessary to gain the 
full benefits from the addition of spectral bands, the assurance of avail- 
able temporal data, and concurrent improvement in mathematical modeling. 

. Testing new models and incorporation of data from the thematic 
mapper can readily be done on a university level while demonstration of 
promising applications should be planned under an ASVT program. 
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. Most of the models used to estimate the quantity or quality 
of water were developed long before the launchlhg of Landsat. The para- 
meters were designed to be easily derived from readily available data- 
Generally this readily available data eenters on topographic maps. Much 
of the data required as Input to these existing models simply cannot be 
defined even with landsat follow-on. There is nothing sacred about the 
parameters of these existing models, they were simply derived to use in- 
formation that was available at the time of model development. There Is 
no reason that alternate parameters cannot be developed that could be 
Identified with landsat. It is important that extensive research be 
undex* taken to develop sueh inodels. 

l2« Uirban Hydrology 

. Presently, many potential users consider that machine process- 
ing capabilities are available at only a few locations. Systems that can 
be operated by consultants or agencies from the remote terminals that . 

presently use to access a general purpose eemputer net would aid in the 
Utility of Landsat data. 

. More work needs to be done on developing the meGhaniGs for 
effiGlent interfaGing with auxiliary needed for water resource studies. 

The correction of the geometries will go far in alleviating this problem. 
Still, the large quantity of data Involved and the need for multi-layered 
random aceess storage encompasses problems that the routine programmer 
with a small organization eannot handle. It would probably be a good 

idea for MiSA to develop and distribute the software to aeeomplish this 
interfaGing function. 

. The numerous municipal and 3069 county governments who admin- 
ister most of the $12 biUion annual expenditure on urban water resourees 
eonstltute a large potential user of Landsat data. Still, most of these 
governmental organizations probably spend less chan $ 3 , 000.00 per year 
for their Inventory and parameter estimating responsibilities that could 
be aeeompllshed on Landsat. Thus, it is not very attractive for then to 
train personnel, visit browse eenters, screen Landsat scenes, and 
purchase tapes as part of an alternate effort to accomplish their res- 
ponsibilities. Thus, the establishment of regional, or perhaps state, 
eenters that would routinely elassify the land cover within their jnrls- 
dletlons should be established. In this way. the smaller governmental 
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organizations oould simply request information within a watershed boundary, 
census tract, or other geographic area. The potential annual saving by 
shifting from traditional to Landsat cover and parameter estimating approaches 
cannot be achieved unless there is some attractive mechanism by which the 
loeal governmetits eati partiGipate. 


G. GONGLUSiONS AND REGOMMENDATIONS | 

The Gurrent Landsat program has shown that satellite remote sens- 
ing is important and will become an inereasingly important tool in inland 

water resources. 

Although some dollar benefits have been developed in certain cases, 
the assessment of economic benefits of satellite technology is difficult 
at present because of the short time that satellite data has been avail- 
able compared to the development time characteristle of most applications. 

It must be emphasized that no single data source has the flexxblllty 
necessary to meet all the data requirements associated with an Inland 
water resources task. Thus, the utility of the Landsat follow-on program 
is somewhat affected by Its ability to interface with Information from 


Other sources. 

Research is needed to develop and optimize the imaging process- 
ing and enhancement teehniques required for this application. This includes 
the development of algorithms and numerlGal models that can accept the 
data and where appropriate, analyze it In conjunction with other corre- 

lative data. 

The increased resoluition offered by Landsat follow-on will signi- 
ficantly improve the efficiency of many current tasks and will be very 
valuable in expanding the list of tasks and organizations that can use 

Land sa t techno logy . 

cost and availability of digital processing equipment currently 
eliminate a number of tasks and organizations. The ability to make more 
use of the techniques of aerial-photo interpretation will expand 
utilization. 

Additional research and development is required to facilrtate the 
use of the required imagery in digital form, bypassing as much as poss- 
ible the necessity for hard copy prints except when deliberately selected 
for one reason or another., as the format of choice. 
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. Improve the pirovisions for teehnology transfer within and be- 
tween user agencies and organizations. Of course, this Is primarily 
a responsibility of these institutions, but NASA should recognize their 
need to achieve a greater awareness of space technology and to achieve 
interchange and participation among the various units within the 
organizations . 

. The inclusion of the thermal band will significantly improve the 
discrimination capabilities of the system even though the 120 meter re- 
solution is large. 

. Although the 9 day "fly-over” is an improvement, this relative 
infrequency will still limit the utility of Landsat in many inland water 
resource problems. 

. The band selection of Landsat follow-On will improve the utility 
of the system. In the past, too much of the datn could only be used to 
verify something that had happened months earlier. 

. The geometric corrections in the data products should make 
ground truth more "loca table. " The Isok of geometric corrections ser-^ 
iously limited the application Of Landsat 1 and 2 in many areas. 

The decision concerning the 11:00 am crossing time should be re- 
evaluated. The high sun angle will benefit a few tasks, but the lack of 
shadow, increased probability of cloud cover, and the high risk of "sun 


- - 
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glint" on water surfaces may completely eliminate Landsat as a tool in 


o ther tasks . 


. There is a real need for a "qulck^look" option in the data out- 
put program. 
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TiyaLE IV-2 

Requirements Assessment Table 


= Essential 
= Very Valuable 
= Desirable 
= In G on s e q u e n tial 
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Subsurface Water Supply 


Water Resource Management 


Inland Lakes-Water Quality 


Lake Ice Monitoring 
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Estuarine Dynamics 


Inundated Areas and Shorelines 


Basin Physiography and Land Cover 


Runoff Modeling 
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CHAPTER V 

I^Y POINT SUMMARY FOR LAND INVENTORY 


A. SYNOPSIS 

The purpose of this chapter is to provide a more extensive summary 
of issues relating to the use of Landsat satellite data for the land 
invention-related applications mentioned earlier. Each application 
will be discussed in the following manner: 

1* Use ol_the Gurrent Landsa t Program 

2* Antj^ipated_impac_t__of Pronesed LandSait follow-on 

3 . Gontinulng IsSues 

Information in this chapter was abstracted from the detailed reports 
found in Part 4 of the discipline discussion volume* 

B. NATURAL RESOURCE INVENTORY 

Ugg g^f the , Gurrent, Landsat, Program 

Systematic methods for collecting, recording, and interpreting data 
related to natural resource conditions are increasingly needed for planning, 
developments, or management decisions. 

The Landsat program can fill a very important role as common denominator 
around which other data systems can be developed. Presently, Landsat systems 
can be used with a high degree of confidence in performing simple functions 
related to the description, mapping, and analysis of data relating to 
general land cover types. Programs and laws which call for expanded 
natural resource inventories and/or regional land-use inventory systems 
are; 

Public law 92-500, sections 208, 303e and 404, for water quality 
planning. 

- HUD 701 program, for comprehensive areawide Land-? Use Plans 

- Soil Conservation Service, under laws 74-46 and 89-566 for 
agricultural and land use— related decisions, and inventories 
of water impoundments recreational developments, etc. 
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^ National Environmental Policy Act of 1969 (91-19G) for environ^ 
mental impact studies. 

- in metropolitan areas for planning grants, 
programs for coastal zone planning, facilities siting, etc . 

Soma advaneages of Landsat daCa Chat could revolutionize development 
of natural resource inventories and regional land-use data systems are; 

* tandsat creates a uniform data base covering all surfaces of the 
earth. 

* Landsat allows monitoring and updating on a 9-day basis, weather 
permitting. 

* Landsat has a synoptic view not duplicated by any other Imaging 
system. 

* Landsat data is computer-compatible, allowing interpretations to 

be repeatable. Inexpensive, unbiased, quantifiable, easily acquired 
for relatively low investment. 

* Landsat imagery can be utilized by conventional photo Interpretation 
techniques . 


% 




Among other uses, Landsat data: 

* are being investigated by the State of Georgia as data inventory 
for the 208 section of PL 92-500. 

* have been used to update land use maps of the Washington, D, G. 
area at a cost significantly lower than by conventional techniques. 

* have been used in the Multiple input Laud-Use System (MLUS) to 
prepare a base for land use inventories sueeessfully . 

have been u^ed to provide basic maps and data documenting generalized 
land cover (croplands, open space, urban areas, water, When 

used in interpretion of land cover areas to determine aetual land uses, 
Landsat information must be related to ground truth information such as 
aerial photography, existing maps, and reports reflecting aetual ground 
checks. For monitoring purposes existing Landsat systems have broad 
applieations which can be made operational with the present 
S tat 6” of- the-^ art • 
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2 . Ahticipated Impact of Proposed Landsa t, Follow-Qn 


Of the several proposed technical changes in the satellite specifica- 
tions for the follow-on, the following comments are offered: 

* The proposed time of equatorial crossing (11:00 a.m.) may well 
cause a decrease of shadows to the point that it will make inter- 
pretations of topographical features difficult, as well as resulting 
in cloud cover problems and hig^ reflecting areas in deserts and 
water bodies. 


* Proposed lower satellite altitude and increased scan angle may 
degrade uniformity of data and require expensive corrections* 
may not be compatible with current Landsat. May also decrease 

the amount of area in which training samples for digital processing 
will be accurate. This may well increase processing costs. 

* 30 meter resolution plus blue and thermal bands should expand 
the reliability of direct interpretation, number of applications , 
and confidence levels. 

* 9^ day coverage, weather permitting, should give greater likelihood 
of obtaining data to allow monitoring and updating of inventories, 

3 . Cd.n t i nu in.g _ls,s.u e s 

In consideration of the existing and proposed LandSat specifications 
and criteria, the following are continuing Issues which need to be addressed 
if maximum benefits are to be obtained for Natural Resource Inventory 
Applications . 

* Of all the factors influencing the use of Landsat, those relating 
to decisions by NASA officials and Gongress to make Landsat a 
long-term OPERA i i.0NAL program are most important. As long as the 
program is experimental, State and private agencies will hesitate 
to invest. 

* The data roust be geometrically rectified and registered to some map 
base before it is delivered to the user. 

* Present delivery time of Landsat (1 and 2) is not reliable and must 
be made more consistent. 
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* Present 80 meter resoliitlon does not allow reliable interpretations of 
certain localized features for land-use planning purposes. Ghanges 

in features such as shorelines, linear patterns of vegetation species 
and small developments in urban areas are not readily dlseernible. 

* Very little coordination has taken place among agencies for data 
collection and planning. Natural resource and land-use inventories 
must be integrated so that methods of collecting, interpreting 

and presenting data may be standardized. 

* Landsat should not be viewed as the total answer for all data 
collection and inventory needs - some information requirements are 
eurrently beyong the capacity of existing Landsat systems. 
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C. FORESTRY, RANGE, ANB WIIiBLIFE 
1. Use , of t5hLe_GuErenit Landsat Program 

Altshou^ very few, if any, projects have been developed in an 
operational atmosphere, results strongly suggest a significant contri<> 
but ion by Lands at to overall forest, range, and wildlife resource manage* 
ment systems, the application of Landsat data in these activities has 
primarily involved stratif ication (vegetation separation) , or measuring 
strata variation through the vse of multi^temporal overlays (seasonal 
changes). From this, a method for detecting and monitoring change has 
been established. Stratif ication has been demonstrated for the following: 

* areas of cultural activity, including delineation of: 

- clear cut ting 

- conversion to other uses 

- regeneration 

- site preparation and improvement 

* broad vegetative and density caitegdries: 

- 75% to 95% performance levels for discrimination of forest 
and range from other land categories; i.e. urban, agriculture, 
barren land, water, etc. 

- overall performance of 76.5% when above 5 classes were 
increased to 8 classes. 

- 85*87% and 85*96% performances in classifying conifers 
and hardwoods . 

density measurement capaibllity which relates to timber 
production has shown overall fores t land correlations of 93%. 

* satellite will be useful to more accurately and efficiently 
perform volume inventories which will have economic benefit 
to the forest industry, 

* evaluation of forest stress and damage, caused by insects, disease, 
fire, wind, etc , has been done. Using repeat coverage, density 

s tratlf ica tions involving the vigor or health of forest stands 
have been suggested. 
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Use as a change detection monitor suggests an early warning 
technique for disease and Insect Infestation, otherwise undetected by 
eye or camera (visible range). 

* classification capabilicies could improve materially 
through the use of multi •^temporal data. 

* evidence indicates the possibility for discriminating 
areas of soil deficiency. 

* further evidence indicates possibility of determining 
underlying geologic and soil characteristics as inferred 
from vegetation. 

* value indicated as the first stage of a multi-stage sampling 
procedure (augmented by more precise photographic data sources). 
Landsat used to stratify a multi-stage forest inventory showed 

a signifiGant reduction in sample variance as compared with 
conventional technique . 

The ability to geometrically rectify and register existing and 
sequential images and the ability to utilize multi-stage sampling 
designs with satellite data representing the generalized first stage 
are the two most Gritlcal capabilities in rendering satellite data 
operational. Turn around time for general inventory is not critical; but 
for the annual forest inventory and monitoring, eurtent turn around 
time is unacceptable for an operational program. This is especially true 
for range management where an index of measurement and conditions need to 
be correlated with the data inmiediately after the satellite flight. 

2, Anticipated impact of Proposed Landsat Follow-Qn 

Of the several proposed technical changes in satellite specifications 
for the folloW-5-on, the following comments are offered; 

* The thematic mapper as a second^generation MSS holds promise 
for future data use from satellite sources: 

30 meter resolution will be significant by allowing 
more precise boundary and acreage determinations, 
higher accuracy of classifications (especially 
level ill and higher) and may allow one or more stages 
of multi* stage systems to be deleted, resulting in a 
substantial benefit/cost improvement and more efficiency. 
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256 quantlfieation levels, along with Increased 
resolution, should enhance classlllcatlon 
capability, allowing higher statistical 
classification results and broadening the range 
of features classifiable through pattern 
recognition techniques. 

* Applications dealing with forestry disasters, rangeland, and 
wildlife will require data retrieval within days of the 
Satellite flight. 

* High density tapes/direct data access provide great 
possibilities for lai^go voluine users. 

* Prompt (4 week) acquisition of formatted and geometrically 
corrected data is essential for most fore^^t applications. 

* Maintenance of a multi- spectral scanner (MSS) as proposed 
will be valuable in maintaining continuity with existing 
data. 

* Proposed equatorial crossing of 11:00 a.m. should be beneficial 
by allowing improved correlations with under flight data since 
both sources will not contain tree shadows. 

* ^o satellites with 9-day, as opposed to 18-rday eoverage, 
should provide adequate cloud- free scenes to be useful for 
monitoring, despite increased cloud coverage and 
convectional build-up as a result of 11:00 equatorial crossing. 

* There is concern over 705 kilometer altitude if it results in 
non compatible inforn^tion with existing satellite data. This 
should not be a problem for forestry provided skew, vignetting 
and radiometric distortion are controlled and corrected image 
data provided. 


33-803, Vol, I 


I 


3, G.ontlnuing 1 Sisues 

In consideration of the existing and proposed Landsat specifications 
and criteria, the following are continuing issues which need to be addressed 
if maximum benefits are to be obtained for Forestry, Range and Wildlife 
applications : 

* Data as provided by Landsat satellites should be made 
OPERATIONiiL to give reliable expectations of obtaining 
information necessary to efficiently manage forest and 
range resources. 

* Satellite data collection systems now and in the 
foreseeable future are NOT STAND ALONE systems but will 
rely on some lower level ancillary data to reach the 
level of user preGision required. 

* Although many applications have been demonstrated, few if 
any implement able and operational systems have been 
documented to date. 

The key to a successful operational system required that: 

* the data be GEOMEfRIGALLY REGTIFiED AND REGISTERED before 
being given to the user 

* the user develop an INDEPENDENT PROGESSING GAPABiLItY 

* the satellite data be made available on a FASTER TtJRN 
AROUND BASIS if data is to be used in an operational 
environment. 


V-8 



V 


P. WETLANP MOPING AND INVENTORY 

1. Use of the__G.urr.ent. Landsat_ Program 

To date there are no documented operational programs using Landsat 
for wetland mapping, the use of Landsat generally being still in the 
experimental phase for this appllGation. Coastal marshes have received 
the most attention to date. Although little work has been done with 
Landsat on inland wetlands, several experiments indicate a potential for 
inland wetland inventory if spectral parameters are Worked out and 
boundary dynaEod.cs problems are solved. 

Landsat data have been used experimentally for studies involving 
gross species composition related to salinity in coastal wetlands, 
identification of relatively pure species and their relationship to 
primary productivity, identification of man-made structures and spoil 
disposal sites. Depending on eventual resolution and positional aCeuraey, 
Landsat data could be used as a systematic approach to enforcement of 
wetland legislation. 

2. Anticipated Impac t, of P.r.apjased Landsat FqLl.low-.o.n 

Of the several proposed technical changes in the satellite 
speGifications for the follow'^'on, the following co^ents are offered: 

* 30 meter resolution and increased number of spectral bands 
will improve capability to map and inventory wetlands 
according to present legislative requirements, but will not 
suffice for Gondueting regulatory ► functions or serve as the 
basis for litigation. 

* improvement should be seen in separation of different Wetland 
types through further research on additional bands, seasonal 
combinations , etc . 

* Decrease in orbit altitude will cause multi- temporal 
comparison problems with previous data and may make 
processing more difficult and expensive. 

* Although species disGrimination may improve With 11:00 a.m. 
equatorial crossing, water penetration may be hampered by glint and 
cloud cover may be a problem. 

3. Gon ti nuing Issue s 

In consideration of the existing and proposed Landsat specifications 
and criteria, the following are continuing issues which need to be addressed 


33-803, Voi. I 


If maximum benefits are to be obtained for Wetland topping and Inventory 
Applications : 

* Efficient methods must be devised to extract information on 
an operational basis to meet present legislative requirements, 
these wetland inventories for counties or individual project 
areas could be accomplished with extensions of present methods 
and improved satellite parameters. 

* Improvement in data systems, data interpretation and data 
processing is extremely desirable, especially given the 
anticipated increase in quantity of data. 

* Until research on methodology is complete, aircraft data will 
still be needed to cheek aceuracy, evaluate analysis results, 

and provide high resolution products for ongoing operational 
programs , 

* Questions still remain concerning format and availability. A 
quantum jump in the number of browse faeilities and 
distribution centers will be needed. 
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E . COASTAL ZONE AND SHO^LTNE MAPPING AND INVENTORY 
1, Use of the Gurrenit -Landsat, Program 

Landsat imagery has been useful in mapping and surveying coastal 
features by state, federal, and private interests involved in coastal 
management activities which have been accelerated since the US Coastal 
Zone Management Act of 1972. Among the applications of existing Landsat 
data are the following: 

* Mapping of significant shoal features in the Caribbean has proved 
the capability to map shoal features and depths with Landsat MSS 
da ta . 

•k Surface circulation and currents have been mapped through tracing 
of sediment and dye movement. 

* Large scale regional features such as shoreline changes have been mapped. 

* Hydrographic charting of reefs. Islands and shoals by MSS data may 
prove to be the only cost effective solution for producing accurate 
and inexpensive charts for marine navigation. 

Existing Landsat is restricted in accurately measuring the dimensions 
of certain Shoreline features and changes over time because of limited 
spatial resolution. Since vast areas of ocean have not been surveyed or 
charted, the Landsat data could be used to presurvey these areas, verifying 
navigational hazards, limited depths, etc ♦ close to national map accuracy 
standards. Changes in coastal land cover can be monitored with existing 
Landsat, as well as areas of high bioproductivity using color indicators 
of chlorophyll content, thermal boundaries, and circulation patterns. 

Techniques have been developed for providing baseline data for 
coastal landforms and land use Inventories. Models for computing shore- 
line dimensions and displaying changes due to storms, erosion, and man- 
made causes have been developed from Landsat data. Previously uncharted 
or undetected hazard areas may be located with Landsat. Depths of shoals 
to 22 meters have been determined by Landsat and verified by ships on site. 

2. Ant i.c.lpa ted _Impac t of. Prctp.o.sed_ Lands at EoLllojw^Qn 

Of the several proposed technical changes in the satellite specifi- 
cations for the follow-on, the following comments are made: 

* Proposed 11:00 a.m. equatorial crossing is a very serious liability 
for this application. Many problems will be ehcount<sred , such as 
exclusion of up to 75% of water penetration data, because of glint and 
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reflection problems . If water targets are of any importance, 
the sun-angle's negative effects on tihe blue band must be 
considered. 

* Increased resolution (30 m) will allow greater capability to 
measure shoreline dimensions and changes following storms and 
over large areas in an economical fashion. The follow-on 
will be limited in its ability to accurately measure the 
dimensions of coastal structures (breakwaters, jetties, beaches, 
groins) which are often 7-9 meters or major beach erosion 
approaching 15 meters or less. 

* Thematic mapper has high probability for enhancing coastal 
oceanic applications which will show concentrations of 
pollution, chlorophyll and sediments. 

^ Increased bands and resolution will increase reliability Of 
data* 

* 9- day coverage will allow adequate circulation and dispersion 
studies provided that rapid data delivery is available. 

3. GontinuinR_Issues 

in consideration of the existing and proposed Landsat specifications 
and criteria, the following are continuing issues which need to be addressed 
if maximum benefits are to be obtained for Coastal Zone Applications: 

^ data should be made operational and available in easily used 
formats, inexpensively with minimum response time. 

^ there is a need for precise reconstruction of the data 
geometrically without resampling the pixels. This is 
especially true when pushing the data to its limits of 
resolution to locate platforms, wrecks, reefs, etc. 

^ thematic mapper should be flown with existing geometry 
(sun^angle, crossing, orbit, etc.) for continuity with 
existing data so as to allow continuity between the MSS and TM. 

* data formats should be in ter*^ nationalized so that data 
collected by foreign ground stations can be processed 
without reformatting. 
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F, MAPPING AND CARTOGRAPHY 

1. OsjEt of the J^ugrent, Landsat , Program 

in general, the current satellite's use for Upping and cartographic 
applications is sunniarlzed below; 

"ft current satellite is well suited to small-scale plahimetric 
mapping and revision, depicting landforms, vegetative 
patterns, hydrological features and other gross patterns. 

* positional accuracy approaches 1:250,000 scale National 
Map Accuracy Standards for cartographic products. 

* useful for recording land feature and land- water interfaces. 

* repetitive coverage by electronic means is a basis for 
automating the production of small-scale cartographic 
products. 

* appropriate for hydrographic eharting and surveying for 
planning and hydro surveys. 

Further, a visually impressive and practical use of Lands at imagery 
are the mosaics of the states of New Jersey, Florida, Arizona, and Georgia 
as well as the entire United States. A nominal scene format has also been 
developed which forms the basis for the image_ format map series. This 
system has no overlap, is adaptable to worldwide use and is eotnnuter 
compatible . 

2. Anticipated Impact, of Prop.osed Land sat Fiollow-on 

Of the several proposed technical changes in the satellite 
specif ications for the follow-on, the following comments are made: 

* map accuracies can be improved with proposed resolution 
of 30 m. 

* 11:00 a.m. equational crossing will result in excessive sun 
glint and will be detrimental to eharting tasks. 

* addition of thermal and water penetration bands may enhance 
thematic and shallow sea mapping tasks. 
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* if altitude is lowered to 705 km it may prove non- compatible 
with existing satellite data. 

* revision of cultural features such as roads, railways, towns, 
etc. is not possible with existing or proposed satellite. 

* desirability of InGreasing gray scale to 256 levels Is 
questioned. A more desirable range would be 128 levels. 

* required data such as topographic (elevation) or cultural 
detail will not be provided. Topographic (elevation) data is 
typically derived from stereo coverage; current and proposed 
Landsat do not have Stereo, a major departure from traditional 
mapping procedures. 

3. Gontinuing Is.sues 

In consideration Of the existing and proposed Landsat specifications 
and criteria the following are continuing issues which need to be addressed 
if maximum benefits are to be obtained for Mapping and Gartographic 
applications: 

* an operational Landsat must be supplemented by other spacecraft 
and/or aircraft programs. 

* many needed experiments of eartographiG value cannot be carried 
out on an operational Landsat since an operational system would 
constrain procedure variations. 

* basic mission parameters of Landsat follow-on are unacceptable 
for mapping and cartographic applications. 

Gartographers , and those whose work depends on eartographic processes, 
are requesting an operational system based on the following considerations: 

1. An economically viable system; 

2. Gontinuity with respect to Landsat -1, -2, & -G; 

3. Spatial and spectral resolution chat is meaningful to them; 

4. A data flow that is manageable; 

5. Completely open access and availability; 

6. Near- real- time reception of data on a global basis; 

7. Suitability for automation; 

8. Expeditious dissemination in digital (tape) and optimum analog 
(image) form at a reasonable price. 

Specific suggestions for teehnical revisions are found in the appropriate 
section in the Land Inventory discipline discussion volume. 
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6. SURFACE MINING EXTENT AND RECLAMATION MONITORING AND INVENTORY 
!• Use of_the -Gurren^-Landsat_Frograia 

Althou^ there are at present no operational uses of Landsat by 
state or federal agencies In monitoring surface mining activities, studies 
indicate that a combination of Landsat and other remote sensing could be 
a useful tool for this application. In dealing with small areas (several 
acres or less), the limiting factor is resolution of the sensors. Some 
research efforts to date include: 

* South Carolina project using Landsat as monitoring tool for surface 
mining had 99% correlation in a number of cases with planimetered 
areas from aerial photos. 

* 93% accuracy in showing areas of strip mine affected acreages in 
Maryland, Including monitoring progress of back-filled areas. 

* successful mapping in Ohio of (1) stripped earth, (2) partially 
reclaimed earth, (3) vegetation, (4) shallow water, and (5) deep 
water; also in Tennessee for about SO^/sq. mile, (one- tenth cost 
of conventional technique) 1:250,000 scale, with accuracies 
better than 90% in most categories. 

* coal mining study in Pennsylvania showed Landsat data may be 

quite useful for annual updates, althou^ of limited value for 
monitoring. 

* Northern Great Plains study on evaluating Landsat data for 
strip mining /reclamation was successful on 14 of 30 mines 
considered. 

Landsat has been successfully used to update geologic maps in 
Tennessee and modify coal reserve estimates. Landsat also has been used 
in the Western Goal Mining district to determine the map extent and 
progression of mining activities, and to monitor mined land reclamation. 

Goal mining in the Cumberland mountains and phosphate mining in Florida 
have also been studied using Landsat. 

Potential usefulness has been Indicated in demonstration and 
research projects and the general conclusion is that Landsat could be 
a useful tool in providing monitoring and surface classification inform 
mation to state and federal regulatory agencies. 
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2. Mticipa ted Impact of Proposed Landsat Follow- On. 


Of the several proposed technical changes In the satellite 
specifications for the folIoi7-on, the follawlng comment is 
offered; 

* the need of concentrating on the task of literally 
leading potential users by the hand until convinced 
of satellite imagery's usefulness overshadovs any 
considerations of concern over Landsat follow-on 
improved charac terl s t ic s . 

3. Gontlnuing Issues 

In consideration of the existing and proposed itandsat 
specifications and criteria the following are continuing issues 
which need to be addressed if maximum benefits are to be obtained 
for Surface Mnlng Applications: 

more emphasis needs to be placed on the 
technology transfer aspect of remote sensing 
for operational uses. 

* potential users need to be exposed more to 
existing systems prior to considering more 
sophisticated systems. 

* question exists to what extent satellite data 
would replace or supplement cur rent monitoring 
procedures and what cost savings would be. 
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H. URBAN AND SPECIAT. ENVIRONMENTS 

I. Use -Of- tthe Current Landsat Program 

Lahdsat and Landsat follow-on can have major Impacts on the supply 
of data for urban and metropolitan regions, al^ough such data must be 
accompanied by mote detailed data such as aerial photography, census 
data, etc . Some uses of Landsat data to date are: 

* 90% confidence levels in urban change detection. 

* 75% accuracy in delineating Washington, D.G. urban boundary. 

* procedures developed to document land use change by census 
tract. 

* General urban categories have been classified to accuracies 
over 80%. 

* census urban atlas file interfaced with Landsat imagery. 

* Landsat data classified into 15 classes and aggregated by traffic 
zones. 

2. Anticipated Impact of Proposed Landsat Follow-on 

Of the several proposed technical changes in the satellite speci- 
fications for the follow-on, the following comments are offered: 

* follow>on spectral specifications are endorsed, especially thermal 
sensors and 256 gray levels. 

* certain urban applications such as the analysis of census tracts 
will need the proposed increase to 30 M resolution 

* proposed thermal sensors and increased grey levels have potential 
for discriminating complex urban patterns. 

* aircraft data will be required to satisfy data needs at parcel level. 

3. Gontlnulng Issues 

In consideration of the existing and proposed Landsat specifications 
and crit<*ria, the following are continuing issues which need to be addressed 
if maximum benefits are to be obtained for Urban and Special Environments 
applications. 
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* fast data delivery and an operational satellite are essential. 

* geometrie rectification and registration is necessary if data is 
to be useful. 

* the cost of data processing is too high for local governments or 
entrepreneurs to assume. Users need access to a center where they 
can have their products processed without inheriting equipment 
cos ts . 

* coordination among data users and producers is required. There 

is a gross lack of coordination and direction at the federal level. 

* a total geographically based information system needs to be 
developed as part of Landsat follow-on activities. 

i. PARAMETER ASSESSMENT TABLES 

The following tables show the user reactions in group form of the Land- 
sat follow-on parameters and other considerations to each significant appli- 
cation represented by the Land Inventory group. These reactions range from 
Good (3) to Detrimental (~3). The specific meaning of the numbers can be 
interpreted as follows ; 

3: essential 

2: very valuable 

1 : valuable 

0 : incons equen ti al 

-1; degrades data utility or reduces probability of acquiring 

“2: makes data very hard to use or generates low probability of acquiring 

-3: makes data useless 
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TABLE V-1 

PARAMETER ASSESSMENT TABLE 


(Neutral') 


Detrimental 

.3 


LANDSAT 1 and Z 

. - 80 -.m Spatial-Reaolution _ 

-. ..Signal'/Nbiae « Modecate- 

SpectraLJlange 0. 5 :^1., I-.pm. 

Repeat Coverage 

182.JC Jormat. . 

Mid;^morning ,9.;3Q a. m.- 

— Digital Tape 8. data 

* .Data.-Beli.verv^s presently experienced. 
A-Imagc..Quality as presentlv-available 

-IhcidentalStereo 

Geometry -. .Excellent- 

LANDSAT C 

- Add; Ji0.-4..tO-J.2.J_um 

:* -Digital Tapes, .Goreected 
■*.Bata-BeKv.er.v. ..Rapid.-(.48 hr. )- 

. -RBV Eanchrornatie 

LANDSAT J-0I.1.0W^ON 

30..m_Re8blution. .(except thermal) 
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-Add.!- -Near IR (J...6-am .»•. .mine.ral'l ._ 
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Res olution-.- better than TQ_m 
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iA.»ee.Topog.. Rrofila 
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- _ 2. 0 -_.2..5-.am_f.with l.-l - l-<^ .um) 
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Difle^cent Variable- Time of Ba.v. 

Very low .a un angle 

Night,(for_theemal„rRl. - 

Non'rSun ..synchronoua.. - . 
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TABLE V-1 

PARAMETER ASSESSMENT TABLE (CONT'D) 

Good (iNeutrai) Detrii 


Detrimental 

-3 


l,AN'DSAT 1 and .2 | 

80. m . Spatial .Rfcsolution — 1 

Signal/ Noise- .Moderate ; ■. 

.SpectEal_.Range--0. 5. . 

■Repeat Coverage — ^ i 

, ..1;82 jc 1:82 km- itii.- JEoEtna^ _ ^ 

■Mid-?rnogning 9;30 a. m. . 

Digital Japes j^Raw..data - - _ - - = 

.* Data Deli.vftr-v.-as presently- -experienced- - . ^ 

* Image .Quality. .as presently, available ; 

Incidental-Stereo 

. Geometry. -Excellent . . . - - - ■ 

LANPSAT G 

■ -Add4- -10..d..to-lZ.- 5-pm- - . 

* Bigital Tabes. Corrected 

* ■Pata .Bellv.ery..- -Rapid-.t.^S hr.-) _ 

RB V JBanchromatie -- _ ^ 

I LANDSA3UE:QLLOW-0N 

. 30 m_ReablAttion -(except thermal) ; 

Add:- -Blue -Band -(water -penetration) — 

Add-t Neaar IR (1.-6 .urn ^ mineral) - 
Program ContinaitY- ^ 

■ -NeaT-^Nbon. .r. ll-:00-a. m. 

Signal/Noise ---Jmpco.ved- 

■Geometry Degraded at lower -altitude 

10. 4 .--1.2.-5..pm- Dav--Night.coverage 

- -Resolution-^ -better than 3Q-m- 
. Additional-Spectral Bands : 

fiarssiv.e .Microwave ^ J 

- Radar — 

laser Topoe.. -Profile 

Fraunhoffer -Line Discnim. ; 

Z. 0---2..5..pm. (.ydth. -um) 

8. 2 - 9-.A .am (with .10--^ IZ. pm) : 

Different. Variable Tame oC .Bay- 

V-erV--low -sun-anglc- ■ 

Night (for -thermal .IR<) 

Non~Sun synchronous . . . ^ 
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ements Assessment Table 
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CHAPTER VI 

KEi POINT SlilMMARY FOR AGRICULTURE 
A. KEY POINT SUMMARIES 

Applications presented here are considered feasible and 
productive when reviewed in the light of technical COippetency 
reported for the Landsat follow-on satellite system, the following 
material are excerpts from the findings of the Panel with respect 
to the individual applicatiDns groupings considered: 

1. Cron Stress 

* If Landsat follow'on sensor resolution is 
approximately SOm^ limited areas of crop stress will 
be detected. 

* Accurate detection and identification of stress in crops 
by image analyst will still require considerable 
collateral data* 

* With respect to the capabilities of the follow-on system 
to detect specific types of stress: 

- Moisture stress; if sufflcieht collateral data la 
available follow-on should be capable of providing 
a crude estimate of moisture stress. 

- Salinity; salinity maps and knowledge of iFFigation 
practices should permit limited detection of crop 
stress due to salinity. 

- Nutrient peficiency; operational application could 
potentially be achieved here for larger fields with 
relatively homogeneous materials in areas where good 
collateral data exist. 

- Disease; follow-on may have sufficient resolution to 
detect Felatlvely large areas of disease. 

- Insect damage; follow- on is expected to have limited 
value here. 

- Other cases; Infrequent stress types such as those 
caused by fire, floods or frost should be detectable 
on follow-on imagery. 
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* If Landsat follow-on is to be a practieal tool for detecting 
crop stress it must: 

- Provide image^ry to users within two weeks or much less 
of date Of imaging. 

- Have at least 30 m resolution 

- Be used in conjunction with much supplemental 
information needed to properly interpret crop stress. 

- Provide data (imagery, etc.) at a reasonable price. 

- Be employed by interpreters familiar with the 
management intricacies of modern agrieulture. 

2. C 11 mat ic Inf or mat ion 

* Landsat and follow-oh data are and will be useful and 
effective as ancillary input to ground truth in assessment 
of climatological parameters. It is available once every 

18 days for coverage of the same area and will be reduced to 
9 days with the Landsat follow-on satellite. This is in 
comparison to daily reports from NCAA satellites. The 
qualitative nature of the data, however, precludes its 
consideration in development of statistical crop/climate 
models. Until such time as Landsat can provide quantitative 
elimato logical input, to the precision needed, in a timely 
and cost effective manner, its expected use to NOAA's center 
for climatic and Environmental A3sessment(G<^) will be 
limited to a contributGry, subservient role. 

* Research must address quantitative processing of the thematic 
mapper information. Considerable computer resources arc 
necessary to achieve this. The spatial resolution is 
sufficient for detailed moisture information on the cloud free 
areas, but to provide continuous moisture information, some 
backup means should be considered in the event of persistent 
cloudiness. 
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3* Crops ^ Gi:jQundWater_and S tress 

^ In this area considerable research has documented the 
capabilities of current Landsat series data and leads us 
to believe that the folloW-on systein will improve 
and expand our capabilities in this area. 

4. Agriciultural Land __and__Water Resources 

* Applications of remote sensing imagery in this area have 
been initiated by numerous universities with the 
feasibility phase of these studies being substantially 
funded by NASA. Cooperation with potential user agencies 
has maximized the return of this effort by providing 
consultant review of the research programs and important 
ground truth data. These investigations are bearing 
considerable fruit and it is anticipated that an 
extension of these initial investigations will be made 

to utilize Landsat follow-on data for world-wide iden- 
tification, monitoring and prediction of agricultural 
land and water resources. Table VI- 1 is presented 
here to illustrate the "state-of-the-art” of Laodsat 
remote sensing techniques applied specifically to 
agricultural water resources investigations. 

5. Global and Unigue ■ Appilcations 

* A eonsiderable variety of these applications were exam- 
ined and the consensus of our analysis appears in Table 
Vi •^2. costs and benefits have been established for only 
a few uses for satellite data, primarily because many 
applications have not been fully developed, or experience 
gained to the point where cost-benefits can be established. 
However, examples of the value of the NASA-^RSI effort are 
presented in studies such as those in Pennington County, 
South Dakota, Texas, and in Kern County. 
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TABLE VI -1 

NASA - APPLl GAT IONS SURVEY GROUP 
AGRICULTURE 

LANDS AT IDENTIFICATION CLASSIFICATION 


STATE OF TMf ART 
(Wi tJi 80 jneter rpsolytion) 


TEMPORAL REQUIREMENTS 


QD^ratloiial. pgyglgpMient Research 


Frequency 

Coverage 


WATER STORAGE 


Surf a G e Re s er vo 1 rs 
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Data 

pg,l j ygry 


ArtifiGlal 

X 



(3 9 day s 

0 1 v*/eek 

Natural 

X 



0 9 days 

0 1 week 

Water Quality 


X 

-X 

0 9 days 

0 1 week 

Subsurface Reservoirs 






Recharge Facilities 

X 



0 18 days 

0 2 weeks 

Well Fields 



X 

0 18 days 

0 2 weeks 

Transmission Facilities 



X 

0 18 days 

0 2 weeks 

Wells 



X 

0 18 days 

0 2 weeks 

lISTR.IByTION SYSTEMS 






(Canals) 






Lined 

X— 



0 18 days 

0 2 weeks 

Uni ined 

X-— 

— .--.-X 


0 18 days 

0 2 weeks 

(Pipelines) 






Surface 

X 

X 


0 18 days 

0 2 weeks 

Subsurface 



X 

0 18 days 

0 2 weeks 

Natural Channels 

X- — 

— X 


0 18 days 

0 2 weeks 

WAim APPLICATION 






Field Flooding 



-X 

0 9 days 

0 2 weeks 

Ditch Deliveries 



X 

0 9 days 

0 2 weeks 

Closed Systems (Pipes) 

X—— — 



0 18 days 

0 1 month 

Irr. Need Recognition 



X 

0 9 days 

0 1 week 

Irr./Non-Irr. 

X 



0 18 days 

0 2 weeks 

Crop Identification 

X— — . 

X 


0 9 days 

0 1 v/eek 

Areal Limitations 






Perched Via ter 



X 

Daily 

Daily 

Saline Soils 



X 

0 18 days 

0 2 weeks 

Moisture Deficient Soils 



X 

Daily 

Daily 

Hard Rock 

X— - 

-^X 


0 18 days 

0 1 month 

Steep Slopes 

X- — 

__x 


0 18 days 

0 1 month 

WASTEWATER DISPOSAL 






Evaporation Ponds 

X- — . 

x 


0 18 days 

0 2 weeks 

Surface Conveyance Systems 


x 


0 18 days 

0 2 weeks 


LI 



Application 

TABLE VI- 2 

AGRICULTURAL APPLICATIONS 
State of the Art 

Users* 

Higla Water Tables 

Operational Development Research 

X X 

CA,CSB, 0D, F, FA, m, SCS, 

Salinity 

X X 

USBRi, BXA 

CA, CS0, ED, F, FA, IE, SCS, 

TTQiiaD BT A # # » 

Irrigation Management 

X X 

U£>!DK.| X3XA 

CA, CSE, F, FA, ID,, SCS, DSBR 

Soil Moisture 

X X 

CA, CSD, F, FA, ID, BIA 

Water Budget 

X X 

BIA, CSDi, FA, ID, SA, SCS, 

Ground Water Development 

X X 

USBR 

C®, F, ID, SCS., SC, uses, BIA 

Soil Survey- -Be connaissance 

X 

CA, eSD, F, FA, SA, SCS, 

Seed Germination Requirements 

X X 

USER, BIA 
CA, F, ID, SA 

Crop Surveys— Acreage 

X X 

CA, F, FA, SA, S'RS., BIA 

Crop Surveys Yield 

X X 

CA, F, FA, SA, SRS,, BIA 

Range Surveys— Biomass 

X X 

CA, F, FA, SA, BIA 

Disease and Insects 

X X 

CA, F, FA, SA, SRS, USBR, BIA 

Land Erosion Potential 

X X 

CA, CSD, F, FA, SA, SCS, USBR, 

Weed Infestations 

X X 

BIA 

CA, F, SA, BIA 

Fertility Needs 

X X 

CA, F, FA, SA, SCS, SRS,, 
USBR. BIA 


k-U.,S. 

C A- County 
CSD- 
DD-Drainage 
F-Farmers 


aau 


FA-Otlier Federal 
ID- Irrigation Di 
SA-State Departments 


of 


SRS-Statistical Eeporting 


USBR-Ui.,S. Bureau of 
Reclamation 

)-U.S, Geological Survey 
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Worldwide Crop Production Estimation 


* We are well on our wav to ach-i i i - 

y CO achieving a level of scientific and 

technical fenow-how sufficient to accomplish the task of 

estimating the world-wide production of major food crops. 

-Ehe Landsat follow-on system will significantly improve our 

potential for achieving this goal. Gonsiderable research 

however, is still required to operationalize the proper mixes 

of models which include a variety of types of remotely sensed 

data coupled with collateral material (i«:ludi„g field 

sampling) to provide the locational spectral, spatial, temporal 

and resolution components necessary to accomplish this task. 

* It must be appreciated that these tasks go beyond the use of 

Landsat or Landsat follow-on data as the sole remote sensor 

input. Indeed, to accomplish our goal of global production 

esti^tlon for major crops we must be prepared to exmaine models 

Which employ complex mixes of data from a variety of satellite 

and airborne sensor packages with collateral material from many 
sources . 


The LACIE program addresses many of the problems involved in 
providing a world-wide crop production estimate. In this 
respect LACTE is currently heavily involved in the complex 
modeling of a variety of important parameters. Results to date 
appear encouraging, and the Agricultural Applications Survey 
Group considers it significant that a considerable co^oittment 
has been made to the LAGIE program by a number of agencies 


It is our opinion chat there are strong indications that the 

state of the art will get us there from where we are in this 
area. 


7 . 


Land Resou.rce.s.._Invent.o_r:y 

* Based on member experience and a survey of recent literature 
the Agricultural Applications Survey Croup feels that the ’ 
ability to use this technology for land resource inventory has 
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already been proven practical. 


^ A key to the amount of use made of this technology and the 
speed at which it is accepted will be the cost associated 
with the manual Interpretation procedures or software and 
the computer processing associated with the above land use 
data. 


8. Ad 1 unct _ConB iderations 

* Under this heading the strong and definite need for 
classification systems designed for satellite sensor systems 
is laid out. Only by associating the characteristics of the 
remote sensor with the classification system used for 
presenting the information can we maximize the information 
retrieval from the satellite imagery and insure its fullest 
possible use. 

* The need for user education is stressed. 

* The need to achieve a system capable of rapidly disseminating 
follow-on data to the widest possible audience is considered 
extremely important. 

The Agricultural Applications Survey Group 
reconmends that NASA investigate the potential 
for using the current USDA system of local and 
county agents for this task. 

9. Selected Applications 

* In this section, the Agricultural Applications Survey Group 
considered briefly a number of applications as to their overall 
feasibility of providing meanlns^ol data £t(m the follow-on 
system. These applications involved: 

- Productioa_Estimatlon - Feasible in simple landscapes; 
difficult In more complex agricultural landscapes. 

- Soil_Eroslon - Actual erosion difficult to assess, 
however, areas of potential erosion are easy to identify. 

- Brushland. Tiroberland and. _Grass land Interfaces - Good 
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potential for delineation depending on sensor. 



“ and Brushland_ I nterface - Generally good, 

t oads “ Poor to fair. 

’ Species in Fields One Acr e _or More in S ig^ 
iiot Included ^ ^ Good. 

" jEncroachni^yt Desert - good; Urban - good; Marginal 
Produetion Areas - good. 


’ .World Agricultur a l Land Us. - will defiidlfeely 

improve our eapabillty to discriminate major land use 
categories . 


■ Isrvey oi irriKation PotenM.l * weed ground truth at 
reconnaissance level and at detailed level to 100 meters. 


irriga tion Scheduling - Fair. 

" Water budget - Requires considerable research. 

■ H aier Pefielt Areas JOroughj^ - Good with minimum of ground data. 

- Depth to Water Tahle - Feasible in areas of very shalloo »ater 
depths where crop has considerable damage. 

- H St tr AvallabilltY - Surface * good; depth - poor; quality - good; 
geology - good; recharge - fair. 

- SM Classiflcat^n - Color - good; relief, shadoms - poor; 
vegetation dependent on resolution, growth stage and continuity. 

- Rangeland - Good to fair, 

“ Crop. Production ^ Variable 

■ I S'^i^fiation Potential (Water suppl y assurodV - Variable to good. 

' .Sr.;,.! S alinity and Drainat> e - Good. 

' — ; - Production Forec a sting for Major World Food Crope - 

Requires cosq.1^ modeling of a variety of enVironmentarparametcrs . 
Data needed to accomplish this modeling includes but is not 
limited to meteorological satellite data, aircraft data, field 
sampling data. and other collateral information. 

' Crop Stage - Poor to fair. 
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~ Crop Stress - Recognition and estimation of areal extents 
is feasible. Stress type not feasible at this time. 

B. GONGLUSiONS 

The value of the U. S. agricultural production justifies continued 
efforts to Improve our information acquisition systems, from both 
conventional and remote sources. Gross farm income has shown consistent 
Increases to 101.5 billions of dollars in 1976. Our exports (mainly in 
the area of edible grains) have increased from about $12 billion in 1973 
to over $20 billion in 1974, and have remained at or above this level 
since then. Remote sensing products from the Landsat follow-on satellite 
progrsm will provide valuable information for managing vegetative crop 
production. The 1975 value of agricultural products that depend on 
vegetative production was in excess of $74 billions (this includes live^ 
stock production). An iny>rovement of even 1 percent in this figure, 
through either increased production or by reduced costs of production 
would be worthwhile. 

Based on en analysis of the material prepared by group members and 
as a result of our extensive deliberations the agricultural applications 
survey panel also concluded that: 

* Demands for information for the great majority of users at 
the production decision making level in agriculture are 
frequent, and information must be timely. Degradation of 
agricultural information is extremely rapid for a great 
mai^ users in the field of agriculture. 

* Production applications, are extremely important and can 
be rewarding. They are best served by instrumentation 
capable of detecting stress in plant materials. Effective 
stress detection calls for the selection of spectral bands 
that will respond to the physical condition of the plant, 
but equally as important, it calls for a high sun cross-over 
time that will record the stress condition and the use of 
highly skilled image interpreters. 

* A 9-day, global coverage capability %rLth less than 48 hour 
data processing and dissemination "turn around time" appears 
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to be the minimum feasible program that would allow 
benefits to be derived from the management sector 


of crop production in agriculture. It is reeogniaed 
that such a system would be capable of less frequent 
data acquisition of specific areas if a 9-day cycle 
was deemed unnecessary (e.g. during periods of plant 
dormancy or snoWcover). 

In retrospect, we have made significant progress in the last 
decade towards an understanding of the application of spectral infor- 
mation such as that aboard the Landsat follt«-on system. There Is no 
q^atlon that further research and development will produce expansion 
of i^rovements in the application of the information produced by future 
satellite systems. t„ extensive discussions by the Group, a number of 
parameters were evaluated for inclusion in, or ch^acteristic of future 
satellite sensor systems. The following numerical evaluation represents 
a consensus of Group opinion, with a .3 representing a highly undesirable 


Resolution. - better than 30 m 

3 

Additional Sue Gtral Bands 

3 

]?.a s s.iy.e Microwave 

1 

Radar 

3 

- =- La-S-er XoDoe. Profile 

1 

Praunhoffer Line Diserim. 

2 

— h.M r -2.- § ; /I (wdth 1. 1 1. 6 ti.rn) 

1 

- ,8....2 - 9. 4 10 .12 

1 

y:ariable. Tiwie of Dav 


Very low sun aiiEie 


- Night ffor thermal IR) 

1 

- N0,n*-;Sun avnchronous 


. D.a.v Night XR 

1 

_Jte r e G Go vo ra g e r _ e omplete w / ve rt « exag . 

0 

1^ Additional Pre - proee s sing of die^ital data 



In addition to these capabilities and attributes the Group feels strongly 


* A specialized thematic mapping system is highly desirable; 

* Development of a high resolution pointable instrument 
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would be desirable, especially for sample design 
and disaster or unique phenomena applleations ; 

^ A dedicated Ag>*Safe should be considered^ 

* Work must be promoted on development of low- cost 
and rapid data processing and disseminating 
techniques ; 

* Geometrically referenced imagery should be aequired 
for a variety of temporal situations, to provide the 
opportunity to interrelate a variety of data from 
different hours of pass -over, and points in time Within 
a pheno logical sequence; 

If Landsat follow-on is to be a practical tool for 
detecting crop stress it must; 

- Provide imagery to users within two weeks but 
preferably within two days or less, of data 

of imaging : 

Have at least 30 m resolution 

- Be capable of being used in conjunction with the 
variety of collateral information needed to 
properly interpret crop stress; 

- Provide data (imagery, etc.) at a Feasonable price; 

- Be ei^loyed by interpreters familiar with intricacies 
of modern agriculture. 

* Landsat data are useful and effective as ancillary Input to 
ground truth in assessment of climatological parameters. 

The present qualitative nature of the data, however, 
seriously hampers its potential for consideration in 
development of statistical crop/climate models. Until 
such time as Landsat series sensor systems can provide 
quantitative climatological input, to Che precision needed, 
in a timely and eost effective manner, its use to N0AA*s 
Center for Climatic and Environmental Assessment will be 
limited to a contributory, subservient role. 
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Much research werk has been carried out. enough to convince many 
involved in this area *hat it is now time to make the transition from 
a research effort to an operational program. 

Although there are many steps that can be taken to favorably 

influence the use of satellite information, there are many steps needed 

to meet the requirements and satisfy the basic premises discussed. It 

appears that at the present, a satisfactory delivery system exists to 

meet the needs of only a small number of the major users of sacellite 

information. A system must be developed to reach the vast audience of 

users with frequent, accurate, standardised information, in a format 

and a time-frame sufficient to Insure maximum data use. We feel that 

there is a potential to use the USDA System of county and local offices 

for ses. ASes. cooperative Extension. FHA, etc. With its great 

experience and excellent record in maintaining rapport tdth. and 

providing servi ss to individual farmers, landowners, and local officials 

the 0SDA system appears to possess the only currently operational 

delivery system capable of meeting the urgent needs of the satellite 

program to reach the major portion of the agricultural audience it hopes 
Co meet. 


in conclusion, the Agricultural Applications Survey Group feels 
there are strong Indications the state-of-the-art for interpreting remotely 
sensed data will get us to an operational use of these data in agriculture 
from where we are. Pie Landsat follgw-an mission will sfvns 
i MSease our potential of ff o ttl ng_t^. to echieve this goal, however, 
not only must sensor systems and the models which go with them continue 
to be improved; but increased communication and Interaction muat 
between remote sensing researchers and users. Appropriate educational 
programs must be established to implement the transfer of technology to 
the user community. Rational, operational, institutional arrangements 
which provide timely acquisition, processing, analysis, interpretation 
and dissemination of data to potential users anywhere in the world must 
also be established. All that has been said herein presupposes that 
adequate funding is provided for research to advance the state-of-the-art 
in those areas essential to the development of a global agricultural 
information system. This system would provide aecurate, timely 
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information to a variety of users. At the earliest possible time, 
operational use of such a system should be demonstrated. Operational 
implementation should quickly follow. Only then can truly credible 
and quantifiable benefits be deteruiined, 

RECOMMENDATIONS 

After lengthy discussiohs, the Applications Survey Group for 
Agriculture reached a consensus of opinion but not unanimous 
agreement on the following recommendations. Owing to the nature of 
the task given this group our recommendations are broken down into 
those directed toward operational considerations ; those recommendations 
Where research should be direct to maximize the utility of Landsat 
follow-on data in the agriculture user community; and those directed 
towards management for potential implementation to insure optimum use 
of follow-on data on a global basis in the agricultural decision 
m^lng process. With respect to operational considerations we recommend: 

* The Landsat follow-on satellite be developed and put 
into operation at the earliest possible date, 

* No greater than a 9-^ day cycle be considered (more 
frequent coverage is desirable). 

* Data products have higher resolution than the 80 meters 
currently available on Landsat 1 and 2, In addition, 
inclusion of a higher resolution (10M) pointable 
imaging device in the Landsat follow-on sensor suite is 
highly desirable. 

* The high sun cross-over time be approved. This parameter 
is extremely imp_o,rtant to agricultural users interest in 
stress detection. 

* Improved spectral sensitivity is highly desirable as is 
the ability to precisely register images from different 
dates to a geographie coordinate system. 

* Users should have the option to collect thermal channel 
imagery of a given area both day or night. 
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* Users must be able to have data within 48 hours of 
aeqursition if data is to approach optimum utility. 

In addition, the data should include a higher order 
of graphic, geographically referenced display and 
statistically output data than is eurrently available 
on Landsat 1 and 2 data. 

The Agrieulture App lieations Survey Group feels strongly that 
researeh should eontinue towards the following goals; 

* Implementation of a rapid, effieient. effeetive data 
dissemination system. Attention must be given to the 
development of processes and systems that allow for 
dissemination Of data to the largest logical 
audience of users in formats of their choosing, 

* Development of low cost, rapid data processing 
techniques including a review of computer efficiency 
in light of the predleted 1980 state of the art. 

* Integrating meteorological satellite, Landsat series, 
and data from high resolution imaging systems along 
with collateral material into both crop production 
and resource management models. 

* Definition of classification theories and concepts 
compatible with remote sensing products. 

* Solving the problems assoeiated with the spatial/locational 
dimensions of estimating a variety of crops worldwide, 

* Determining the effects of emission and reflection 
properties of a wide variety of physical and biological 
parameters which influence the aeeuracy of crop type 
identif ieations . 

* Development of a coordinate refereneed, reetified data base, 

* Acquiring adequate multi- tenlporal data in a variety of 
environments. 

* Reducing the paueity of remote sensing data on crop stress 
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conditions in large field cornmerclal settings. 

Finally, to increase the level and improve the overall effective 
use of remote sensing data in agrieultvire the following management 
recommend at ions are made: 

* Formalize the Agricultural Applications Survey Group 
as a standing committee dedicated to maximizing user 
input to the NASA decision making process as applied 
to agricultural applicatiotis of remote sensing. The 
Gommittee should have co~ representation from USDA, 

USD!!, NOAA, and advisory units or personnel from NASA. 

In addition to the mem'- rs who worked on this report, 
there should be rep*- - -ation from the banking 
community, transportation and marketing groups, from 
plant physiology, plant genetics, as well as public 
policy interests. The committee should not exceed 

20 members, and arrangements made for rotation of 
membership if deemed appropriate. 

* Better coordination between groups within the remote 
sensing community should be promoted, especially 
between goverrment, university, and industry. 

Formalizing an Agricultural Applications Survey Group 
such as that recommended above could go a long way 
towards achieving this goal. 

* Efforts should be made to recognize the present 
shortcomings of the relations with the potential 
audience of users. 

* At the user level it appears that-- 

- Too much emphasis on expensive equipment. 

- Too little emphasis on applied remote sensing 
techniques. This means that more attention 
should be directed towards the user audience 
that will have to depend for some time oh some 
form of manual interpretation, or at best, a 
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eombination of manual and mechanized 
methods . 

- There is a shortage of skilled interpreters. 

We need to reGOgnize the need to have the 
imagery Interpreted by interpreters who are 
familiar with the intricacies of modem 
agriculture, 

- Too few people know about the existence of 
the data* The large audience of users should 
be recognized. Maximum benefits can only be 
realized when we reach decision makers with 
information. That person is typically the 
owner of the resource. Therefore, educational 
programs, of both a general and a specific 
nature, should be undertaken to familiarize 
users with the capabilities of satellite 
acquired information. This need not be only 
for adult audiences. Various service 
organizations, high school, science groups, 

4-H, Scouts, etc. should also be approached. 

Here we should consider the development of 
Cooperative assignments with existing agency 
systems already prepared to disseniinate 
information to large or small audiences at 

the local level . 

- Overselling has had a damaging influence. We 
should recognize the difficulty of the problem 
we are dealing with and the continued need for 
supplemental data. Satellite data will simply 
not provide all the answers. 

it Global applications should receive increased immediate 
consideration, especially in view of population increases, 
decreasing land resources, and increased demand for food. 
As part of this we must recognize the significance of 
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satellite information to developing countries, it 
may be the only source of national data. 

Finally, NASA management should Initiate prellmlnaTy 
planning for the development of an Ag-Satelllte to 
be programmed for the mid 1980' s. 
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APPENDIX A 
LETTER OF INVITATION 


JET PROPULSION LABORATORY California Institute of technology • 4800 Oak Grove Drive, Pasadena, Calif ofnia 9110} 


Bear - 

The National AeronamtiGS and Space Administration (NASA), in support of 
its Lands at follow^ on and future mission ohjeGtives, desires an evaluation 
of the eapabilities of the proposed Landsat foUow^on system by the user 
eommunity. To this end, AppliGations Survey Groups (ASGs) are being 
established by JPL. to provide tO OA/NASA a formal capabilities assess- 
ment by the entire community of users of Lands at -type data. The initial 
four ASGs to be formed are: (1) Agriculture, (2) Inland Water Resources, 

(3) Land Inventory, and (4) Mineral and Fetroleum Exploration, 

You have been recommended by the Federal Interagency Decision Team for 
membership in the ASG for Land Inventory, A charter for this ASG is en- 
closed (Eneiosure 1). Your demonstrated expertise in the use of satellite 
remote sensing in this field assures us that you can make a significant conr- 
tribution to the development of this evaluation for the earth resources pro^- 
gram. 

As you can see from the charter, the members of the ASGs are in a unique 
position to express to NASA the value to their institutions (and, as^ experts, 
the value to their discipline) of the proposed satellite remote sensing system. 
This input will allow NASA to make better decisions on the proposed system 
to plan future missions to meet the needs of the user cornmunity. 

The task of the ASGs is to provide knowledgeable input into the Landsat follow- 
on decisions. Eneiosure 2 outlines this task. It is anticipated that permanent 
survey groups will be established in the future as similar requirements arise 
when new sensors and/or platforms are considered. 

Most of the effort of the groups will occur in two two -day meetings to be held 
in Washington, D. G. , one each in March and April. The ^rst meeting will 
be held 1-2 March 1976 at the Sheraton Inn in Rest on, Virginia, starting at 
8:30 am. 


Telephone 354-4321 


Telex 6 75421 


A^l 


Twx 910-588-3294 
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JET PROPULSION LABORATORY Cad forma htstUute of Technology • -fSOO Oak Grove Drive, Pasadena, California 91103 


- 2 - 


We look forward feo your participation in the ASG, Flease indicate as soon 
as possible to our Administrative Assistant, Mrs, Veronica O'Brien, (Mail 
address: Jet Propulsion Laboratory, Mail Stop 183-501, 4800 Oak Grove 
Drive, Pasadena, California 9H03) your desire to serve. Mrs. O'Brien 
can discuss with you the anticipated financial arrangements. Her telephone 
is: eommercial (213) 354-5672 or FTS 792-5672. Enclosure 3 contains 
additional travel information. 

I will be located at NASA Headquarters during this activity and can be 
reached at: 

Mail: Code EK 

National Aeronautics and 
Space Administration 
Washington, D. G. 20546 

Phone: (202) 755-8608 

Sincerely, 


Fred G. Billingsley 
Task Manager 

Earth Observation Programs 
Jet Propulsion Laboratory 

EnGlos ur es 

(1) Charter 

(2) Task for Land sat follow-on 

(3) Travel Information 
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APPENDIX B 

TASK ASSIGNMENT FOR ALL 
APPLICATIONS SURVEY GROUPS (ASGs) 

Survey of User Requirements for Landsat Follow-on 

1. An objective of the User Affairs Division of the Office of Applications, 
in its Landsat follow-on activities, is to acquire a detailed study and 
report, supplemented by prelitninary reports, providing an evaluation 
of the capabilities of the proposed Landsat follow -on system by a 
eomprehensive community of users. 

The initial outputs from each of the ASGs will provide knowledgeable 
user input to NASA for use in Landsat follow-on decisions. This infor- 
mation will be summarized by JPL in the form of an Evaluation Docu- 
ment to be prepared by 1 July 1976, which encompasses the final 
Landsat follow-on reports prepared by each of the four Applicatior.s 
Survey Groups. 

The following sehedule is established to meet the above output; 

Initial ASG memberships will be complete by 2 February 1976, 
and Chairmen protem selected. 

2. Week of 9 February 1976- Telephone eonfermces will be held with the 
ASG chairmen protem and the DisGipline Panel chair men to discuss and 
clarify the procedures and meeting agendas. 

3. Week of 1 March 1976 - First formal meetings of the ASG. Each ASG 
will meet for two days, using the following agenda topics: 

a. Briefing by NASA/ OA on the purpose, makeup, etc. of the ASG 
effort, and its relation to other groups, the NASA discipline 
panels, and other activities. Includes a description of the task 
being assigned to the ASG, its urgency, and sehedule. 

b. Description by the Project Scientist of the various parameters 
applicable to Landsats 1, 2, and C, and Landsat follow -^on. This 
is to ineiude products available, product sehedule, etc. Handout 
material should be available if possible. 


n 
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Task Assignment - page 2 

c. Discipline overview describing die overall Earth Resources Pro- 
gram, to acquaint the users with the wide spread of activities. 
Overview of what future interfaces and assistance users might 
expect from NASA, EDC, related activities, etc. 

d. Briefing by member of NASA Discipline Panel corresponding to 
each ASG covering the state of the art in the discipline (both (a) 
teebniGally and (ib) who is cur7?ently active, (c) present and plan- 
ned ASVTs, and (d) other potential applications). 

Each of the four JSG Panels is made up of NASA individuals well 
versed in NASA technology, hardware/ sensors, and Thematic 
Mapper applicaMons in each of the four application areas repre- 
sented by the ASGs. 

The JSC briefing teams wUl bring to the ASGs during the meetings 
of 1-2 March 1976 a status review of the current and future NASA 
sensor capabilities and applications in each of the four ASG areas 
of interest. Much of the final support for Lands at follows on to be 
derived from the ASGs may depend on the perception by the ASG 

membership of the briefing given them by the JSC teams at this 
meetinig. 

e. Description by JPL of the detailed expected activities of the ASG 
and modus operandi. This will assure uniformity of actions, re- 
ports, etc. , of the various ASGs and thus Simplify the eventual 
collation of the activities, 

f. The ASG selects its permanent chairman. 

g. The ASG settles on specific questions to attack, and starts in. 

h. The chairman carries on, assigns action items, due dates, and 
whatever else necessary. 

4. Period 3 March - 16 April 1976 - Individual ASG members will carry 

out assigned action items and prepare required documentation and reports. 
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Task Assignment - page 


5. Week o£ 19 April 1976 •* Second formal meeting of the ASGs. Each ASG 
will again meet separately. The prineipal action at the meetings will be 
to prepare a draft final report for each gronp. As snch, these wiU be 
working sessions devoted to discussions, writing, and identification o 
problem items. These reports are due to be completed 1 May 1976. 
These draft reports wiU be reviewed by members of the IDT and the 
Discipline Panels and are to be returned with comments by 1 June 1976. 

6. Period 1 June - 15 June 1976 - Group chairmen wiU revise and complete 
the reports for each of the ASGs. using assistance from group members 

as desired. 

7. IS June 1976 - Group chairmen will brief toe IDT on results of their 
activity at the June IDT meeting. 

8. Period 15 June - 30 June 1976 - JPL ndU prepare with the assistance of 
the ASG chairmen a final Evaluation Document incorporating the ASG 
reports and an exeGutive summary. 
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^PINDIX C 

APPLICATIONS SURVEY GROUP CHARTER 


Rata pllshiiient . 

The Jet Propulsion Laboratory (JPL) is establishing a ser es 

cations survey Groups (ASCs) as entities covering the whole spectrum of 
earth sciences and applications within NASA. 


^^^^S^K^ovide to dPL for OA/NASA a formal evaluation of ^d.t 
follow-on capabilities from the total community of users of NASA tactaology 
L„ its discipline area. The area of concern will be limited to ^ndsat 
follow-on activities. The discipline area will cover the follo^ su^ 
applications, and others that may be defined by OA/NASA in the future or 


identified by each group. 

Mineral and Petroleum Kyplo ration (ASG/tgl 

Mineral Resources Exploration 


Energy Resource Exploration 

Hazards/Engineering Geology 
Monitoring 

Mapping and interpretation; 


; Detection, Assessment, and 
Landform, Rock Type, Struetural 


ASG for Tniand Water Resource s ^ASG/IW) 
. Snov Mapping and Runoff Prediction 
. Lake Ice Monitoring 
. Glacier Inventory 

, Estuary Dynamics and Water Quality 
. Subsurface Water Survey 


. Water Use Survey 

. Watershed Survey, Management and Modeling 
. Surface Water Mapping 


ASG for Land Invent ory (ASG/LI)_ 

, Natural Resources Inventory 

. Coastal Zone and Shoreline Mapping and Inventory 

, Wetlands Mapping and Inventory 

Surface Mining Extent and Reclamation Monitoring and 
inventory 


C^l 
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• Wildlife HaT>ita£ Location and Inventory 

. Urban and Special Environmental Area Land Cover Inventory 

• Mapping and Gartography 

. Information Management Systems 
. Forest and Range 

. Timber Inventory - Large Area 

• Range Readiness and Management 

• Forest and Range Renewable Resources Inventory 

• Wildland Proteetion and Damage Survey 

ASG for Agriculture (AS6/A) 

, Crop Survey and Reporting (Identification, Mensuration, 

Location, Yield, Product ion. Signature Extension) 

• Crop Stress (insect Damage, Disease Damage, Crop Vigor, 

Soil Moisture 

. Crop Management (Damaged Crop Identif Ication, Quant if Icat ion, 
and Location; Field Operations information) 

Specific objectives are to: 

(a) Evaluate the functional capabilities of the Landsat follow-on and ground 
systems designs in terms of user requirements and desiderata for data 
measurements, products, and parameters. 

(b) Disseminate to the various users information on the functional capa- 
bllities and plans concerning the various NASA activities as these are 
released tfv the ASG. 

NASA Interface. 

The coordinator for the ASG activities and its interface to NASA will be 
through the JFL Lead Engineer to a representative of the Division of User 
Affairs . 


Memhership 

A membership of about 20 is anticipated for each ASG. The members will 
be selected by the coordinator from lists of candidates proposed by (at least) 
Department of Agriculture, Department of interior. Department of Commerce, 
and the Corps of Engineers. 

Membership in the ASGs is limited to recognized experts in one or more 
of the fields covered by the ASGs; members may or may not possess extensive 
hardware^ or space-related training and experience. Specif ically, such 



experts are to be drawn as representative users from other Federal agenGieS, 
state and local governments (or from associations of such constituenGies) , 
industry, and universities, it is expected that, in aggregate, the members 
will be able to adequately assess the state-of-the-art in their techhlGal 
areas and represent this in the AS6 deliberations. 

Interfaces 

The ASG will receive information from and submit information to at least 
the following: 

(a) The other ASGs 

(b) Federal InteragenGy Decision Team (FIDT) 

(c) NASA Discipline Panels 

In addition to serving as personal experts, the individual ASG members will 
serve as liaison to their respective organizations when teGhnical informa- 
tion needs to be interchanged. 

He thod of Gperatlon 

The ASG group members will elect the chairman for the group at the first 
meeting. The principal business will be carried out during two meetings, and 
reported in complete minutes of these meetings. 

In addition, the ASG chairman may call such additional working sessions 
as he deems necessary. Summary minutes of these sessions are to be distri- 
buted as appropriate. 

Tasks, milestones, and other requirements for action for the ASGs will 
be defined by the coordinator as appropriate. 
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APPENDIX D 
ACRONYMS 


A Agrieulture 

ASeS Agrieulture Stabilization and Gonservatidn Service 

ASG Applications Survey Group 

GGEA Center for Climatic and Environmental Assessment (NOAA) 

GGT Computer Compatible Tape 

Domsat Domestic Communications Satellite 

EDG EROS Data Center 

EPA Environmental Protection Agency 

EROS Earth Resources Observation Satellite 

ERTS Earth Resources Technology Satellite 

FHA Federal Housing Administration 

FIDT Federal interagency Decision Team 

FOV Field of View 

FWS Fish and Wildlife Service 

GOES Geostationary Operational Environmental Satellite 

GSFG Goddard Space Flight Center 

HDDT High Density Digital Tape 

HDPT High Density Product Tape 

HDTA High Density Tape with Annotations Added 

HDD Housing and Urban Development 

IDPS Image Data Processing Station 

IFOV Instantaneous Field of View 

IR Infrared 

IW Inland Water Resources 

JPL Jet Propulsion Laboratory 

L-1 Lands at 1 

L^2 Lands at 2 

L- G Lands at C 

Xi-Fo Landsat follow-on 

LAGIE Large Area Crop Inventory Experiment 

LI Land Inventory 
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MILUS 

MP 

MSS 

NASA 

NEPA 

NESS 

NOAA 

OA 

ppm 

RBV 

SGS 

SLAR 

S/N 

TDRSS 

TERSSE 

TM 

USAGE 

USAGofE 

USDA 

USD! 

USGS 

V'HRR 
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Multiple Input Land Use System 
Mineral and Petroleum Exploration 
Multi-Speetral Scanner 

National Aeronautics and Space Administration 

National Environmental Policy Act 

National Environmental Satellite System 

National Oceanic and Atmospheric Administration 

Office of Applications (NASA) 

parts per million 

Return Beam Vidieon 

Soil Gonservation Service 

Side Looking Airborne Radar 

Signal- to-Noise Ratio 

tracking and Bata Relay Satellite System 
Total Earth Resources System for the Shuttle Era 
Thematic Mapper 

U. S. Army Corps of Engineers 

U. S. Bepartment of Agriculture 

U. S. Department of Interior 

U. S. Geological Survey 

Very High Resolution Radiometer 
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APPENDIX E 

AFPLIGAtlONS SURVEY GROUPS 
MASTER ADDRESS LIST 


* Croup Ghatnnen 
** Resource People 
+ ASG CoordlnaCors 


AIjEXANDER, Mr. Robert H. LI 

Geographer 

U. 5. Geological Survey 
Ratibnal Center 
M, S, 710 

Reston, Virginia 22092 
703-860^6345 

ANDERSON, Mr. Daniel G. IW 

Hydrologist 

Water Resources Division 
U. 5. Geological Survey 
National Center 
H. S. 467 

Reston, Virginia 22092 
703-860^6071 

ANDERSON, Dr. Duwaync M, IW 

Chief Scientist 
Division of Polar Programs 
National Science Foundation 
1800 G Street, N.W. 

Washington, D.G. 20S50 
202-652-4162 

BAINBRIDGE, Mr. Robert J. LI 

Staff Eorcstcr 
Bureau of Land Management 
U. S. Department of Interior 
Washington, D. C. 20240 
202-343-4095 

BARKER, Mr. G. Robinson Lt 

Assistant Manager for 
technical Forestry 
Southern liniberlands Division 
St. Regis Paper Gcsipany 
Post Office Box 18020 
Jacksonville, Florida 32229 
904-765-3511, ext, 397 

BENNEm, Dr. John 0. Ml' 

Senior Research Mathematician 
Exxon Production Research 
Post Office Box 2189 
Houston, Texas 7 7001 
713-622-4222, ext. 2543 

BERG, Mr. Dennis W. LI 

Chief, Evaluation Branch 
Engineering Development Division 
0. S. Army Coastal Engineering 
Research Center 
Kingman Building 
Ft. Bclvoir, Virginia 22060 
202-325-7127 

+ BILLINGSLEY, Mr. Fred G. 

Member of Technical Staff 
Code EK 

National Aeronautics and 
Space Administration 
Washington, D, C. 20546 
202-755-8808 

BLANCHARD, Dr. Bruce J. TW 

Associate Professor 
Agricultural and Associate 
Research Engineer 
Texas A 6 M University 
Remote Sensing Center 
College Station, Texas 77843 
713-845-5422 


A = Agriculture 
IM " Inland Motet Resources 
LI “ Land Inventory 

MP ° Mineral and Petroleum 
Exploration 

BOLAND, Dr. Dale H. P. IW 

Research Biologist 
EMSL/HOW 

U, S. Environmental Protection 
Agency 

Post Office Box L5027 
Las Vegas, Nevada 89114 
702-736-2969, ext. 391 

BROWN, Mr. A. J. IW 

Chief 

Snow Surveys Branch 
Department of Water Resources 
Post Office Box 388 
Sacramento, California 95802 
916-445-2196 

BRUEGK, Mr. David A. A 

Northern Trust Company 
50 South LaSalle Street 
Chicago, Illinoi.s 60690 


BUIiLAHORE, Mr. Bruce LT 

Executive Director of Planning 
Area XV Regional Planning 
Commission 
Building 46 
OecuiTwa ind. Airport 
ObtutTMa, Iowa 52501 
515-934-5375 

BURNASH, Mr. Robert J. C. IW 

Hydrologist in Charge 
Sacramento River Forecast Center 
Resources Building, Room 1641 
1416 Ninth Street 
Sacramento, California 95814 
916-442-1201 

GARTER, Ms. Virginia P. LI 

Biologist, Remote Sensing 
U. S. Geological Survey 
National Center 
M. S. 467 

12201 Sunrise Valley Road 
Reston, Virginia 22092 
703-360-6071 

CAULDER, Dr. Jerry D. A 

Manager, Ncm Products 
Monsanto Agricultural Products 
Company 

800 North Lindbergh Boulevard 
St. Louis, Missouri 63166 
314-694-3726 

eOLVOGORESSES , Dt. Alden P. LI 

Cartography Coordinator 
EROS Program 
U. S. CGologlcal Survey 
National Center 
H. S. 522 

12201 Sunrise Valley Road 
Reston, Virginia 22092 
703-860-6285 

CROOK, Hr. Leonard T. IW 

Executive Director 
Great t.akcs Basin Comnlssion 
3475 Plymouth Road 
Post Office Box 999 
Ann Arbor, Michigan 48106 
313-763-3590 
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DANIELSON, De. Jerls A. 

Deputy State Engineer 
State Colorado 
Colorado Division of 
Water Resources 
1B45 Shcrtian Street 
Room 300 

Denver, Colorado 30203 
303-892-3531 

DAVIS, Mr. George E. 

Range Conservationist 
Bureau of Indian Affairs 
M. S. 220 

U, S. Department of Interior 
Washington, D. G, 2024D 
202^343-9177 


DEL GRANDE, Mrs. Nancy K. 

Senior Physicist 
L-S25 

Lawrence Livermore Labs 
University of California 
Post Office Box 808 
Livermora, GalLfornia 94550 
415-447- ilOO, ext. 7495 


DINKEL, Mr. Ted R. 

EROS Coordinator 
National Pack Service Science 
Center 

National Space Technology Labs 
Bay St. Louis, Mississippi 39520 
601*688-4131 


DOLAN, Dr, Robert 

Professor, Principal Investigator 
Department of Environmental 
Sciences 
101 Clark flalL 
University of Virginia 
Charlottesville, Virginia 22903 
804-924-3809 

DONOVAN, Dr. Terrence J. 

Geologist 
Geologic Division 
U. S, Geological Survey 
601 East Cedar Avenue 
Flagstaff, Arizona 86001 
60Z-744 t 5261, ext. 1321 

DUNCAN, Mr. Walter 

A.ssLstant Chief of Hydrologic 
Engineering Branch 
U. S. Army Corps of Engineers 
HQDA DAEN-eWE-Y 
Washington, D. G. 20344 
202-673- 

ELBERFELD, Mr. Allan 

Ghief, Planning Branch 
U. S. Army Corps of Engineers 
Huntington District 
Post Office Box 2127 
Huntington, West Virginia 25721 
3W, -529- 2311, ext. 2635 


ESTES, Dr, John E. 

Associate Professor 
Department of Geography/ 

Remote Sen.slng 
University of California 
at Santa Barbara 
Santa Barbara, California 93106 
805-961-3649 

fisher, Mr. Paul R. 

Staff Geologist 
Directorate of Civil Works 
Office of the Chief of Engineers 
Janes ForcesCal Building 
DAEK-eWE-G 

Washington , D. C. 20314 
202-693-6723 


FOSTER, Hr. John D. 

Geologist 

Geoscience Division 
Ectty-Ray Geophysical 
Post Office Box 36306 
Houston, Texas 77036 
713-774-7561 

FREDRICH, Hr. Jay 
IWR 

U. S, Army Engineer Institute 
for Water Resources 
Kingman Building 
Ft. Belvoir, Virginia 22060 
703-325-7422 

GAY, Mr. Thomas E. , Jr. 

Acting State Geologist 
California Division of Mines 
and Geology 

Resources Building, Room 1341 
1416 Ninth Street 
Sacramento, Caltfornia 95814 
916-445-1825 

GOETZ, Dr. Alexander F. H. 

Section Manager 

Jet Propulsion Laboratory 

M. S. 133-501 

4800 Oak Grove Drive 

Pasodena, California 91103 

213-354-3254 

GRABHAM, Mr, A. Lawrence 
Physical Scientist 
NOAA/NESS SPOe Group 
PB4, Room 3316 
SuLtland, Maryland 20233 
301-763-7724 


MP 


IW 


HP 


MB 


LI 


CRAYBEAL, Mr. Gary 

Building 17, Room Z2D 
Code TF4 

Johnson Space Center 
Houston, Texas 77058 
713-483-6374 

GROAT, Dr. Charles G. 

Acting Director 
University of Texas, Austin 
Bureau of Economic Geology 
Post Office Box X 
University Station 
Austin, Texas 78712 
512-471-15 34 

HALB0U7Y, Hr. Michael T, 

Consulting Geologist and 
Petroleum Engineer 
The Halbouty Center 
5100 WesGheimer Road 
Houston, Texas 77027 
713-622-1130 

hall. Dr. Warren A. 

Elwood Mead Professor of 
Engineering, B329 
Engineering Research Center 
Foothills Campus 
Colorado State University 
Ft, Collins, Colorado 80523 
303-491-8451 

HAMMAGK, Hr. James G. 

Scientific Staff Assistant 
Advanced Technology Division 
Code PRA 

DMA Hydrographic Center 
Washington, D. C. 20390 
202-763-1354 

HANSEN, Hr. Robert 1. 

Supervisor:’ Physical Sclenti.st 
U, S. Bureau of Reclamation 
Post Office Box 25007 
Denver Federal Center 
Denver, Colorado 80225 
303-234-4979 
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* HARDY, Dc. Ecnesc E, A 

Senioi; Research Associate 
Fccnow HaH 

DeparCnent at NaCucal Resources 
Gotnel'l University 
Ithaca, New York 14853 
607-256-6529 

+ HELTON, Mr. Michael R. 

Senior Engineer 
Code EK 

National Aeronautics an>; 

Space Administration 
Washington, D. G. 2D54u 
202-755-8610 


LAMBOU, Dr. Victor IW 

Environmental Protection Agency 
944 East Harmon 
post Office Box 15027 
Los Vegas, Nevada 89114 


LANDINI, Mr. Albert J. 

City Planner 

Los Angeles Department of 
City Planning 
5th Floor, eity Hall 
200 North Spring Street 
Los Angeles , Galifornin 90012 
213-4S5-Z478 


HENDERSON, Dr. Frederick , HI MP 

Economic Geologist/Geoscicntlst 
Energy and Environment Division 
90/2145 

Lawrence Berkeley Laboratory 
University of Galtfornla 
Berkeley, California 94720 
415-843-2740, ext. 5363 

HOYT, Mr. Gharles D. LI 

Assistant Chief, State 
Liaison Program 
Bureau of Mines 

Columbia Plata Office Building 
401 E Street, N.W. 

Room 9006 

Washington, D. E, 20241 
202-634-1272 

ISAGHSEN, Dr. Yngvar W. MP 

Principal Geologist 
New York State Geological Survey 
The University of Che State 
of New York 

State Education Department 
Sew York State Museum and 
Science Service 
Albany, New York 12224 
518-474-5819 


JONES, Dr. E. Bruce IW 

Vice President 

Morton Bltttnger and Associates, Ihc. 
Post Office Box Q 
Ft. Collins, Colorado 80522 
303-482-8471 

** JOYCE, Dr. Atmand LX 

National Aeronautics and 
Space AdminlstraCioh 
Earth Resources Lahoratocy 
Slidell Computer Complex 
loio Cause Boulevard 
Slidell, Louisiana 70458 


KiDWELL, Dr. Albert L. MP 

Senior Research Associate 
Exxon Production Research 
Company 

Post Office Box 2189 
Houston, Texas 77001 
713-622-4222, ext. 2632 

KLEMAS, Dt. Vytautas LI 

Associate Professor, Marine 
Studies 

Director, Center for Remote 
Sensing 

College of Murine Studies 
University of Delaware 
Newark, Delaware 197 11 
302-738-1213 

KOTAS, Me. Gerald F. IW 

Water Resources Planner 
Great Lakes Basin Commission 
Post Office Box 999 
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